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ABSTRACT 

An in-depth study of public housing in New York 
focuses almost exclusively upon the cost analysis aspect of decision. 
The costs of various construction techniques, design arrangements, 
and materials have been collected and analyzed^ The stated aim of the 
report is to reduce cost as much as possible, with user comfort being 
a secondary consideration. In the light of this aim, basic plan 
designs are examined in terms of space and subsequent cost 
efficiency. The means for achieving the spatial arrangements 
recommended are examined from all aspects; Beginning with structure, 
comparisons are made between various systems; Interior elements, 
exterior elements, and mechanical equipment are similarly analyzed. 
Final recommendations are made for immediate solutions and long term 
considerations; An appendix contains indexes enabling the cost 
criteria to be extended to other areas* (RS) 
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PREFACE 

The reduction of building costs is a most worthy and 
pertinent continuing goal set for itself by the New 
York State Division of Housing. Every economy 
achieved reduces the amount of public subsidy and 
lightens the tax burden required for low-income hous- 
ing. Each single economy, though small, multiplied 
by the number of units, stories of buildings, buildings 
themselves, and projects, can become of such magni- 
tude as to equal the cost of many apartments, and 
even of buildings. 

The School of Architecture at Pratt Institute is most 
grateful for the opportunity of participating in this 
study by means of a research grant made available 
by the New York State Division of hlousing. Expert 
guidance and assistance have combined in this book 
with perse)(vering academic dedication to offer many 
provocative and practical contributions for the read- 
er's evaluation. Much more that was learned can not 
be included for lack of space. 

Ready and willing assistance for this research project 
was found among architects, engineers, builders, and 
manufacturers, as well as in the research department 
of the New York State Division of Housing headed by 
Joshua D. Lowenfish. Professor. John H. Callender 
directed this research for the Faculty. He was ably 
assisted throughout the research work by Giles Aureli. 
With a team of graduate students, they devoted one 
year tq this study. 

Special acknowledgement is due the Dow Chemical 
Company for making this publication possible, by 
means of a generous grant. 

This is a never ending study, because new materials 
and methods continue to influence costs. At Pratt 
Institute a test shed has been built, with funds made 
available by the New York State Division of Housing, 
for field testing, under actual winter conditions, vari- 
ous types of exterior walls as proposed in this publi- 
cation, and as sub^quently modified by additional 
research in respect to comparative cost, eflRciency of 
insulation, and other values. Findings should be valid 
for other types of construction as well. 

•* 

Olindo Gross! 

Dean, School of Architecture 
Pratt Institute 
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FORiWORD 

With the growth of research in practically every field 
of endeavor steadily gaining momentum, it is good 
for us to be counted among the participants. 

As a result of special budget appropriations by the 
New York State Legislature, we have been enabled 
to engage several colleges to do research in the high 
cost of public housing. The program entailed investi- 
gation of new materials, new methods of construction 
and new concepts in planning. Pratt Institute con- 
centrated its efforts on the first two, and this publi- 
cation amply demonstrates the extent of the study 
therein. 

The task of the researchers was not lessened by our 
requirements not to reduce the standards of planning 
and that of accepted amenities. The work, therefore, 
naturally led into channels of greater utilization of 
recent innovations in application of a number of 
materials of more recent vintage. We are cognizant, 
however, that not every laboratory solution may find 
0 practical application. There are any number of 
related factors, such as jurisdictional disputes during 
construction, and ability of structures to withstand 
heavy wear and tear during the life of the projects, 
that may have a bearing on the application of rec- 
ommended materials or methods of construction. 

This study has alerted the architectural and engineer- 
ing professions, the construction industry and the 
researchers in academic halls to the realization that 
a problem exists and that solutions thereto are 
eagerly sought. 

The recommendations of this study do not necessarily 
reflect the thinking of the technidans of the Division 
of Housing and the mention of the many construction 
materiab should not be construed as their sponsorship 
by this office. 



James W. Gaynor 
Commissioner 

New York State Division of Housing 
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INTRODUCTION 



Concerned by the mounting costs of public housing, 
Joseph P. McMurray, then Commissioner of the New 
York State Division of Housing, energetically sought 
ways and means of reducing them. Among other 
measures taken. Commissioner McMurray, in 1957, 
invited the School of Architecture of Pratt Institute to 
undertake a study, at the graduate level, of methods 
of reducing the cost of public housing. The invitation 
was accompanied by a grant of funds. 

Pratt Institute welcomed the opportunity to undertake 
this work, not only as a public service to the com- 
munity of which it is a part, but also as a vak'/able 
addition to its educational program. The study was 
carried out by a small group of graduate students 
(six in the first term, seven in the second term of the 
1957-1958 school year), under the direction of Pro- 
fessor John H. Callender, as part of their work for 
the degree of Master of Architecture. 

James W. Gaynor, the present Commissioner of the 
New York State Division of Housing, shared his pre- 
decessor's interest in the objectives of the study and 
continued its support. With this, the School of Archi- 
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tecture completed the research work — this time with 
the additional objective of publishing it. This objec* 
tive was made possible in 1959 by a special grant 
from Dow Chemical Company of Midland, Michigon. 

The scope of the study, as defined in the program 
drawn up by the research group and approved by 
the State Division of Housing, was limited to low*rent 
public housing in the most urbanized boroughs (Man- 
hattan, Brooklyn, Bronx) of New York City. It was 
therefore concerned with typically high-cost sites, re- 
sulting in high-density projects, employing high-rise 
buildings. Site selection, community planning, and 
site planning were excluded from consideration in the 
present study, which is concentrated on investigation 
of the economies of layout, design, and construcHon 
of the buildings themselves. 

The unique feature of the present study is its exclusive 
emphasis on cost. Architectural students are often 
permitted freedom of design without the practical 
restraint of costs. But in this project, a design which 
is superior to the presently accepted design, but costs 
more, must be considered a failure. A successful solu- 
tion is one which at least equals the present design in 
quality, but costs less. For the purpose of this study, 

> cost is defined as the total cost during the fifty-year 

life assumed for the buildings. It thus includes not 
only the first cost, but maintenance and operating 
I costs over a fifty-year period. A new design which 

reduces the first cost, but increases the maintenance 
^ cost, may prove more expensive in the long run. On 

. the other hand, a design, technique, or material which 
actually costs more at first, may so reduce mainten- 
ance costs CIS to prove more economical ultimately. 

1 Cost being the main criterion in this study, it was 

obviously necessary to obtain the most accurate, up- 
to-date cost figures possible. Those with experience 
in the building industry know that there is no more 
difficult task and that there is nothing more elusive 
than accurate, dependable figures on building costs. 
Nevertheless, cost figures had to be obtain^ and 
every effort was made to make them as accurate as 
possible. Current public housing costs were obtained 
from the State Division of Housing, the City Housing 
Authority, and from contracting firms bidding on 
public housing work. Costs of other types of construc- 
I tion were obtained from well-recognized cost authori- 
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ties such as Seelye, Stevenson, Value and Knecht and 
H. Nash Babcock, or from contractors in the Metro- 
politan New York area. 

Early in the course of the study, the need for a real- 
istic basis for comparison became evident. At the 
request of the research staff, the New York State 
Division of Housing provided complete working draw- 
ings, specifications, and budget costs for a typical 
low-income housing project in New York City, which 
had just been put out for bids. Actual contract costs 
for this project became available before the study was 
completed. Throughout the course of the research, 
this project was us^ as the basis for all comparative 
studies. Statistics concerning this "standard" project 
are given in Chapter Three. 

Costs are given in the report for New York City as of 
June 1958. Boeckh Building Cost Indices for June 
1957, June 1958 and June 1959 have been included 
in the Appendix. The reader who wishes to translate 
the costs given in the report into 1959 costs for New 
York or any of twenty-four other cities, can do so by 
using the ^eckh indices. 

The method of procedure employed in the study wss 
that of elimination. The first step was the listing of 
every idea that might conceivably produce cost sav- 
ings. These items were consider^ one by one and 
the least promising ones were eliminated. The ideas 
that remained after the lengthy win nowing-out period, 
were then subjected to intensive research and study 
and the results are reported herein. 

The final step was the selection, based upon the re- 
sults of the study, of those ideas to be recommended 
for adoption. Not all of the items studied proved in 
the final analysis to save money, and such items were, 
of course, not recommended. . Some items could be 
easily demonstrated to save money, but it was diffi- 
cult to prove that they would be acceptable in quality; 
such items were recommended with reservations. Any 
proposal which clearly equalled the present item in 
quality and was shown to cost less, was recommended. 
In some categories several ideas thus qualify for 
recommendation; it vros not considered necessary to 
pick the best of these and recommend only that one. 
Recommendations are divided into those which can 
be put into effect immediately and those which re- 
quire a change in the building code or other laws. 
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or regulations, and thus cannot be used immediately. 

The latter are recommended for consideration by the 

Division of Housing in the near future. 

• 

It should be noted that the first Chapter of the report, 
that on "Plan Studies," deals with a subject that is less 
amenable to accurate cost analysis than the subjects 
presented subsequently. This first Chapter is thus on 
.somewhat less firm ground economically than the 
remainder of the report, and the recommendations 
derived from it must be qualified accordingly. 

The research staff and their faculty adviser wish to 
acknowledge assistance received from many sources, 
and to express their gratitude for this help, without 
which the study could never have been brought to a 
successful conclusion. Dean Olindo Grossi, Professor 
William McGuinness, and several members of the 
faculty of the School of Architecture were frequent 
contributors of helpful advice. Less expected and 
therefore more appreciated, were a number of dis* 
tinguished professional practitioners who gave gen* 
erously of their valuable time and from their vast 
experience. Outstanding among these was Albert L. 
Stevenson of the firm of Seelye, Stevenson, Value, 
and Knecht, who furnished much of the cost data and 
gave valuable advice on many of the structural sys* 
terns which were being studied. 

Others who helped in great measure were Edward 
Schnitzer, Guy Panero, Fred Severud, Sidney Katz, 
and, up to the time of his untimely death, William 
Vladeck. More than any one person, Joshua D. 
Lowenfish, Director of Architectural Research, New 
York State Division of Housing, gave unstintingly of 
his time and of his wealth of experience. He patiently 
complied with all requests, however unreasonable, 
for data and costs, and helped to guide the study in 
the proper direction. Finally, as noted at the outset, 
without the initiative and the financial support fur- 
nished by both Commissioner McMurray and Com- 
missioner Gaynor, this study could riever have been 
accomplished. 



John Hancock Callender AIA 
Associate Professor and Director of Research 
School of Architecture 
Pratt Institute 
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Of the several plan types which were explored for 
possible economies, three were selected for detailed 
study and are presented on the following pages. 
They are; 

1 • Tower scheme 

2. Open*corridor scheme 

3» Interior-corridor scheme 
None of these plan types can be considered new or 
radical. Ail have been used for low or middle-in- 
come housing for at least a decade. However, the 
first two have been rarely used in New York City 
public housing, while the third is now common, having 
largely replaced the cross plan which dominated 
public housing for almost two decades. The third 
scheme is included here largely as a basis for com- 
parison with the two less familiar schemes. 

In each of three plan types the following departures 
from current New York City public housing practice 
have been incorporated: 

1. Regular column spacing 

2. Full distribution of apartment sizes in 
one building 

3. No basement 

Regular column spacing is, of course, more economical 
than irregular spacing and is used as a matter of 
course for most buildings. However, architects have 
found it difficult to conform to the rigid planning 
requirements imposed by the housing agencies with- 
out departing from regular column spacing. Flat plate 
reinforced concrete construction with "spattered" 
columns solves this problem by permitting the columns 
to be located in accordance with plan requirements. 
This type of construction, although more expansive 
than regular column spacing, is now standard prac- 
tice in New York City housing work. 

In order to re-examine this situation, the three plan 
types selected for study were all designed with regu- 
lar column spacing. Required room sizes have been 
maintained in all cases and the columns, projecting 
only a few inches, do not seriously impair the use of 
the living space. On the basis of these examples, it 
would appear that the economies of regular column 
spacing could be achieved without sacrifice of liv- 
ability, if the housing agencies would modify their 
requirements slightly, and if the architects would em- 
ploy more ingenuity in planning. 






The required distribution of apartment sizes in a | 
housing project has traditionally been achieved by 
the use of different buildings for the different apart- 
ment types. This technique is practical in the large | 
multi-building project which has heretofore been the } 

norm. Recent changes in. public housing policy favor | 

more small projects — even one-building projects. | 

With this policy in mind, each of the three schemes i 

presented here has been designed to provide the full i 

range of apartment sizes in a single building, in order I 

to demonstrate that this idea is not only possible but \ 

entirely practical. I 

Basement space often costs more than the equivalent I 
space provided above ground. Where ground con- 
ditions are poor, a situation frequently encountered | 

in housing projeds, economies can be achieved by % 

omitting basements and providing equivalent space ^ 
on the first floor. Since the space ordinarily provided I 

in the basement occupies only a fraction of the total ) 

floor area of the building, the remainder of the I 

ground floor can be left open to provide covered f 

play spaces and sitting areas. The improved visibility f 

at the ground level which results from thjs scheme I 

would go far toward mitigating the "walled-in" feel- f 
ing produced by the long high buildings of the in- 
terior-corridor type. I 

Several other ideas have been tried in one or more | 

of the three schemes presented here. A system of | 

framing employing cantilevered floor slabs with two i 

columns per bay, instead of the usual four, has been | 

used on both the open-corridor and the interior-cor- | 

ridor schemes, this structural system is discussed in I 

detail in Chapter Two; it was used on the two ex- 
amples in this Chapter in order to demonstrate that it | 
did not present, as had been feared, a senous handi- ^ 
cap to architectural planning. The possibility of pro- f 
viding a combined utility and play area midway in 
the height of the building, has beeh.suggested for the | 
tower scheme. The cost-saving skip-stop elevator sys- | 
tern has been employed in the. open-corridor scheme. | 
The possibility of using the living room for sleeping, | 
thereby eliminating one bedroom in each apartment, | 
has been explored in the interior-corridor scheme, as | 

has also the use of a "dormitory" bedroom for three | 

or four children. These ideas are discussed further I 
as they are presented in the following pages. I 

I 
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TOWER SCHEME 
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This is the name given to a plan type which is approxi* 
mately square, with the rooms disposed around ail 
four sides of a central service core. It has been used 
successfully for middle-income housing in New York 
and Chicago since the late 1940's. As far as could 
be ascertained, the tower scheme has not yet been 
used for low-income housing, probably for the reason 
discussed below. 



The tower scheme has a number of advantages and 
one serious disadvantage. It is readily apparent that 
the compact plan results in a minimum of perimeter 
construction and the shortest possible utility runs, with 
attendant economies. Even more significant is the 
reduction in the amount of expensive public corridor 
space; in the tower scheme the area of public corridor 
per construction room is about half that in the interior- 
corridor scheme, and public corridor space is rela- 
tively expensive as will be shown in Chapter Four. 
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In most cases, the tower plan provides cross-ventila- 
tion and two exposures for each apartment, a very 
desirable arrangement as far as livability is con- 
cerned. The tower scheme also offers advantages in 
site-planning. The square plan is easy to dispose, 
even on an irregular site, and when used in large 
projects, it results in a greater feeling of openness on 
the site than occurs when long narrow buildings are 
used. 



A serious economic handicap to the tower scheme is 
the high cost of elevators. Providing only four to six 
apartments per floor, as compared to ten to twelve 
apartments per floor in the interior-corridor scheme, 
the cost of elevators per dwelling unit is thus two to 
two and one-half times higher in the tower scheme. 
For this higher cost, greatly improved livability is pro- 
vided. This scheme is presented here in the belief 
that the economies noted in the paragraphs above 
will offset the higher cost of the service core, thus 
affording improv^ livability at no increase in cost. 
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ROOF, TERRACE 



UTIIITY-PLAY FLOOR 



GROUND FLOOR, LOBBY 



SCALE 



SECTION A-A 

SEE ^LAN NEXT SHEET 



Cross*section through tow^ Building 



TOWER SCHEME 
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The required distribution of apartment types is prc> 
vided in one building by means of the use of five 
different floor plans, which are detailed on the fol- 
T lowing pages. The distribution is shown in the fol* 

I lowing schedule: 
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o^saction through Tower Building 










There ore a total of 430 construction rooms, or 478 
rental rooms, for an estimated average occupancy of 
502 people. For the twenty*one floors the average 
gross area per construction room is 206 square feet, 
and the average length of the exterior wall per con* 
struction room is 1 2.7 feet. 

In addition to the twenty*one floors of apartments 
there are two non*dwelling floors — the ground floor 
and the utility*play floor at mid-height — making ,a 
total for the building of twenty-three stories. The 
building is approximately sixty-five feet square. 
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LOBBY FLOOR PLAN 
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LOBBY FLOOR PLAN 

The building has in effect been raised one story, 
bringing the usual basement to ground level. This 
greatly reduces the amount of expensive foundation 
wall required, and provides useful covered outdoor 
space and pleasant ground-level vistas. 

Laundry and tenant storage facilities, usually located 
in the basement, have been placed on a non-dwelling 
floor ot mid-height of the building. The remainder of 
this floor is used os outdoor play space and sitting 
area. This suggestion obviously offers no cost saving, 
but it promises so much in improved livability that it 
was felt to be worth including here. 
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FLOOR PLAN A 



Plan A is used ten times and is thus the most nearly 
typical of the five floor plans. It has four five-room 
apartments, each having three bedrooms. The total 
construction room count for the floor is 20. The gross 
floor area is 4,224 square feet, or 21 1 gross square 
feet per construction room. Each apartment has cross- 
ventilation and exposure in two directions. 
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FLOOR PUN B 
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Plan B occurs on only two floors of the building, it 
has two five-room apartments (three bedrooms), three 
three-room apartments (one bedroom) and one effi> 
ciency apartment (no b^room). In all there are 21 
construction rooms per floor and the gross floor area 
per construction room is 201 square feet. The four 
corner apartments have cross-ventilation and two ex- 
posures. The efficiency apartment and one of the 
three-room apartments have only one exposure. 
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FLOOR PLAN C 



Plan C is used on fbur floors of the building. It con- 
sists of two six-room apartments (four bedrooms) and 
two four-room apartments (two bedrooms). The total 
construction room count per floor is 20, and the gross 
floor area per construction room is 211 square feet. 
Each apartment has cross-ventilation and two ex- 
posures. 
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FLOOR PLAN D 



Plan D occurs only once in the building. It has two 
seven*room apartments (five bedrooms) and two 
three*room apartments (one bedroom). There ore 20 
construction rooms and the gross area per construction 
room is 211 square feet. Each apartment has cross* 
ventilation and two exposures. 
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FLOOR PLAN E 



Plan E is used on four floors of the building, it con* 
sists of four four-room apartments (two bedrooms) 
and two three-room apartments (one bedroom). The 
total number of construction rooms per floor is 22 and 
the gross area per construction room is 192 square 
feet. The four corner apartments have cross-ventila- 
tion and two exposures. The two smaller apartments 
have only one exposure. 

This plan is shown at larger scale and with all furniture 
indicated on the following page. 
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The plan shown on the previous page is shown here 
at larger scale and with ail of the furnishings drawn 
in, giving a clearer idea of the livability of the units. 

On the next page are two perspective views of apart- 
ment interiors from this plan. 
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OPEN-CORRIDOR SCHEME 



In this type of building all of the apartments are 
reached by means of outdoor corridors or "elevated 
sidewalks," as they are sometimes called. The char> 
acteristic shape of such a building is long and thin. 
The open-corridor scheme has been used for low and 
middle-income housing in many places, both in this 
country and abroad. 

Improved livability is the outstanding advantage of 
this scheme. Every apartment has through-ventilation 
and two exposures, and every apartment can have 
the most fovorable orientation. All rooms, including 
bathrooms, have outside light and ventilation. The 
interior corridor, which in practice is often an un- 
pleasant space — narrow, dark, and smelly — is 
eliminated entirely. These gains are partially offset 
by some loss of privacy for the rooms that open on 
the corridor. 

The open-corridor scheme eliminates the cost of me- 
chanical ventilation for the bathrooms and the cost of 
the interior corridor with its expensive finishes. But 
the open-corridor, being "single-loaded," must be at 
least 1 V 2 times as long as the interior corridor. Since 
codes limit the maximum distance from an apartment 
to a stair, the open-corridor building must either be 
content with few apartments per floor or, as in the 
example shown here, it must separate the two re- 
quired stairs. The open-corridor, of course, need not 
be heated but some provision must be made for snow 
removal; in New York the Building Department re- 
quires the installation of electric heating cable in the 
floors of all open corridors. Since all apartment doors 
open to the outside, these doors must be of the ex- 
terior type and must be weatherstripped. The long, 
thin building shape, with its high proportion of per- 
imeter to enclosed area, is not basically economical, 
nor, in a high-rise building, is it basically stable; extra 
cost for wind-bracing must be assumed. 

In view of all the items noted in the previous para- 
graph, it might be concluded that the economic posi- 
tion of the open-corridor scheme is unfavorable. But 
this is not the case. Recent cost studies for a newly 
designed public housing project in New York indicate 
very substantial cost savings resulting from the use of 
the open-corridor scheme. 
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In the example presented here and on the following 
pages, the open-corridor scheme has been combined 
with skip-stop elevators. In this arrangement the ele- 
vators stop only at every third floor; tenants on the 
intermediate floors have to walk up or down one 
floor. The open corridor occurs only at elevator-stop 
floors. All apartments open off the corridor; stairs are 
within the apartments and ore maintained by the 
tenant. This scheme has been used in a noted upper- 
income project in Cambridge, Massachusetts, and in 
a proposed low-income project in New York. 
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The skip-stop scheme saves the cost of two out of three 
corridors and elevator doors and controls. Against 
this saving must be balanced the cost of the private 
stairs and the fire escape balconies in two out of three 
of the apartments. A significant advantage of this 
scheme is the elimination of most of the privacy prob- 
lem. By placing the larger apartments on the inter- 
mediate floors, it was possible to arrange the plan so 
that no bedroom opens on a corridor. 



The structural sys^em employs regularly spaced rein- 
forced concrete columns, two per boy, with the floor 
slabs cantilevered 4 feet beyond the columns on each 
side. This framing system is discussed in detail in 
Chapter Two. Stair and elevator towers have been 
placed outside the building proper, and designed to 
supply windbracing for the tall, narrow building. 



Required distribution of apartment types is provided 
in one building. The two basic floor plans are detailed 
on the following pages along with alternate floor 
plans required for complete distribution. This distri- 
bution is explained in chart form on the following 
page. 
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The required distribution of apartment types is pro- 
vided in one building by means of two typical floor 
plans along with their alternate layouts. The distri- 
bution is as follows: 
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Floor plan 


Number 
of uses 


Apartment types 
(by construction rooms) 


Total 
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Elevotorstop 
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Intermediate A. 
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Intermediate B. 
(1,4,7,10,13,16,19) 
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There are 973 construction rooms or 1081!^ rental 
rooms, for on estimated average occupancy of 896 
people. For the twenty-one floors the overage gross 
area per construction room is 208 square feet. 

The three schematic plans on the opposite page, along 
with the section on this page, explain how the build- 
ing works. As in the other examples in this Chapter, 
there is no basement and the facilities usually found 
in the basement are located on the ground floor. 
These indude perambulator storage, tenant storage, 
laundry, pumps, meters, etc. The remainder of the 
first floor is left open for use as covered play space 
or sitting areas. 

The two typical floor plans with their alternate layouts 
ore shown at larger scale in the following pages. 
Note that all apartments are entered from the ele- 
vator-stop floors (2,5,8, 1 1 , 1 4, 1 7,20) which are shown 
shaded on the section. Tenants on the intermediate 
floors A and B reach their apartments by means of 
private stairs. Fire-escape balconies connecting ad- 
jacent apartments on the intermediate floors, are 
required by the building department. 
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INTERMEDIATE FLOOR A (alternate on page 
INTERMEDIATE FLOOR B(as shown here) | 
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ELEVATOR STOP FLOOR PLAN 
FLOORS 2,5,8,11,14,17,20 



INTERMEDIATE FLOOR A (alternate an page 23) 
INTERMEDIATE FLOOR B(as shown here) 
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INTERMEDIATE FLOOR PLAN 
FLOORS 3,6,9,12,15,18,21— (A) 
FLOORS 1,4,7,10,13,16,19— (B) 
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This apartment of five construction rooms is the pre* 
dominant unit in the building. It always occurs on an 
intermediate floor, and is reached by means of a stair 
up oc down from the corridor floor. The required 
fire*escape balcony has been enlarged enough to 
be usable also for outdoor living. The apartment has 
through-ventilation and two exposures; all rooms have 
outside light and ventilation. 

A perspective view of the interior of this apartment 
is shown on the opposite page. 
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This apartment of six construction rooms occurs only 
on intermediate floors. Like the five>room units, it is 
reached by means of a private stair, has a balcony, 
through-ventilation, and two exposures. 

A perspective view of the master bedroom of this 
apartment is shown on the opposite page. 



Plans of the one and two-bedroom apartments are 
shown on the page following. These smaller units 
usually occur on the corridor floors. Note that al- 
though all apartments have through-ventilation, no 
living rooms or bedrooms are on the corridor side. 
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The inferior-corridor scheme is now in common use for 
low and middle-income housing. It is a simple and 
economical scheme, permitting ten to twelve apart- 
ments per floor. It does not, however, provide cross- 
ventilation except for the four corner apartments. In 
New York City public housing, the requirement of 
cross-ventilation for all apartments having more than 
one bedroom has produced a variation of this scheme 
in which the service core forms a "pinched waist" 
which permits the four adjacent apartments to meet 
the technical requirements for cross-ventilation. Since 
in pradice the improvement in the ventilation of these 
four apartments is slight, if any, and the cost of pro- 
v.ding it is considerable, this requirement has been 
Ignored in the example presented in the following 
pages. It is believed that if cross-ventilation is to be 
considered a primary value, then the open-corridor 
or the tower scheme should be used rather than the 
interior-corridor scheme. 

Like the other examples in this Chapter the interior- 
corridor scheme is shown with no basement, with 
regular column spacing, and with the full distribution 
of apartment types in o single building. In common 
with the open-corridor scheme, it employs a two- 
column bay with cantilevered floor slol», a structural 
system which is discussed further in Chapter Two. 

The ground floor plan of the building is shown at the 
right. Since there is no basement, the facilities usually 
found there have been located above ground. The 
remainder of the ground floor has been left open to 
provide useful covered space and pleasant vistas 
through the building. 

The main purpose of the interior-corridor scheme os 
presented here is to study the suggestion that the 
living room might be used also for sleeping. The 
reasons for considering this idea ore discussed in the 
following pages, along with the suggested planning 
solutions for putting it into effect. If this idea should 
be consider^ feasible from the point of view of -''' 
livability, the cost savings would be very appreciable, 
since one bedroom woujd be elimina.*'jd from each 
apartment. The reduction in area is shown graphic- 
ally at the right. 
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(Housing Standards) 
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The lower block shows the size of 
the building designed according to usual housing 
standards. The upper block shows, at the sane scale, 
the size of the building designed for this study. The 
reduction in length is 47 feet ond the soving in floor 
area is 1927 square feet, or approximately 20 ^. 
The reduction in cost would be somewhat less than 
20% since plumbing, kitchen equipment, ond ele* 
voters are not affect^, but the saving should amount 
to more than 15% of ^e cost of the building. 
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SECOND FLOOR PLAN 



It is a matter of common-observation that many 
families in New York regularly use the living room 
for sleeping. This is a common practice, not just in 
overcrowd^ slum areas, but in middle and even 
upper income apartments. A survey by Pratt institute 
of middle«income housing in Brooklyn showed that 
about 25% of the families regularly used the living 
room for sleeping. The actual percentage may well 
be higher than 25%, since many people seemed to 
be hesitant about admitting it. The percentage in 
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Manhattan is probably much higher. | 

Presumably this situation is the result of economy 
pressure; it seems unlikely that many people wpu| 
choose to live in this manner. But since such a Iqr^^ 
percentage of New York families do live that way, . 
raises a question as to whether tax>supported. ^ 
housing is justified in maintaining a higher standqr . 

In order to study the effect that the use of the 11/ J 
room for sleeping would have on the livability of 
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iUanhattan is probably much higher. 

/esumably this situation is the result of economic 
’assure; it seems unlikely thot many p^ple would 
:hoose to live in this manner. But since such o large 
percentage of New York families do live that way, it 
' *::i 0 question os to whether tax-supported public 
lousing is justified in maintaining a higher standard. 

^ order to study the effect that the use of the living 
. 3m for sleeping would have on the livability of the 

t 






apartments and the cost of the building, the interior- 
corridor scheme shown here was designed on thot 
basis. An olcove for sleeping is provided in each 
apartment between the living and dining spaces. 
When not in use for sleeping the alcove is part of the 
living-dining area and the folding bed provides an 
additional seating unit. At night the bed is opened 
up end, if desired, curtains can be pulled to give 
complete privacy to the sleeping alcove, which hos 
its own window. 





ERIC...... 


















I 



■J 

I 

•SI 

I 

I 









O 

ERIC 






» i SK*/^ *’fc! 



iii 



















INTERIOR-CORRIDOR SCHEME 



ERIC 






mm 






Ydgk «-i v ni fr ‘irr->‘> > ' t ■ ' , 












i's 

I 

%: 

it 



4 - 

k 






ci? 



ft 

V 

ft 

£ 

i 








TYPICAL FLOOR PLAN— FLOORS 3-2| 



^ ^ ^ ^ 
SCALE FT 



Access to the bathroom is possible without going 
through the living room. Clothes are stored in a 
closet provided in the hall and in a dresser assumed 
to be located in the living room. 

The plan shown here was designed on the basis of the 
room sizes required for low*income housing in New 
York, except that one bedroom has been omitted 
from each apartment. It demonstrates, it is believed, 
that the idea is feasible. If this proposal is considered 
to be worthy of further study, it is suggested that the 
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living rooms be increased slightly in size and that a | 
closet or a recess (they are the same thing in public | 
housing) be provided in the hall for a chest of drawers. | 

Any family with five or more children is likely to have f 
three or four children of the same sex who ore near | 
enough in age to share amicably one large bedroom. 
Although there is some economy in such on arrange* | 
ment the principal advantage is in improved livability, 
the combined room being large enough to provide | 
usable play space for the children. Such an arrange* f 




> 

o 

ERIC 




















I 

••c 

i 

^living rooms bo increased slighti/ in size and that a 
^closet or a recess (they are the same thing in public 
Ihousing) be provided in the hall for a chest of drawers. 

^ Any family with five or more children is likely to hove 
tthree or four children of the same sex who are near 
i enough in age to share amicably one large bedroom. 
-'Although there is some economy in such an arrange* 
^ ment the principal advantage is in improved livability, 
|the combined room being large enough to provide 
lusable play space for the children. Such an arrange* 



ment is shown in two of the three large apartments in 
the plan above. If a folding partition were provided 
it would give families the choice of using the space as 
one room or two. Although not shown here, it would 
be possible to reduce the size of such a dormitory 
bedroom somewhat below thot of two separate bed- 
rooms. But the cost saving would not be great since 
there are relatively few (10%) targe apartments in 
a project. 
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Apartments per typ. 
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The required distribution of apartment types has 
been provided within, a single building. The schedule 
of distribution is as follows: 



No. of rooms per apartment 


2 


3 


4 


5 


6 


Total 


Occupants per apartment 


2 


3 


5 


7 


9 


— 


Apartments per typ. floor 


2 


3 


5 


1 


— 


11 


Total apts. for 1 9 floors 


38 


57 


95 


19 


— 


209 


Apartments on 2nd floor 


6 


— 


2 


— 


3 


11 


Total apts. per building 


44 


57 


97 


19 


3 


220 


Distribution by % 


20.0 


25.9 


44.1 


8.6 


1.4 


100.0 


Required distribution 


20.0 


25.0 


45.0 


8.5 


1.5 


100.0 
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DATA PER APARTMENT: 
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CONST. ROOMS 

1 ■ ^=^^aaa 

2 

3 

4 

5 

6 



RENTAL ROOMS 

2V2 

3V2 

SV2 

6V2 

7V2 



OCCUPANCY 



,2 

.3 

5 

7. 

9. 



There ore a total of 760 construction rooms or 870 
rental rooms for an average occupancy of 904 peo- 
ple. The average gross area per construction room is 
205 square feet and the average length of the ex- 
terior wall per construction room is 12.15 feet. 
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CHAPTER TWO - STRUCTURAL SYSTEMS 




Of the many possible ways of framing a building, five 
methods which appeared to offer the greatest prom- 
ise of effecting economies, immediately or in the near 
future, were selected for detailed study. They range 
from the old and very familiar to the new and less 
familiar. None can be called experimental; all have 
been extensively and successfully used, either in this 
country or abroad. 

The system of construction now used almost univers- 
ally in New York City for public housing is reinforced 
concrete flat plate with "spattered" columns. As dis- 
cussed in the previous Chapter, the spattered column 
arrangement has resulted largely from the rigid 
planning requirements imposed by the government 
housing agencies, if these requirements were to be 
relaxed, the economies which are inherent in regular 
column spacing, regardless of the material or method 
of construction used, could be realized in public hous- 
ing. Thus all of the structural studies presented here 
assume regular spacing of the structural elements. 

The study begins with a consideration of two varia- 
tions of the presently used flat plate reinforced con- 
crete system. Then attention is directed to a precast 
concrete system and to modern light-steel framing. 
Finally a new look is taken at an old stand-by — 
non-fireproof masonry bearing wall construction. 
Brief descriptions of the five structural systems dis- 
cussed in this Chapter follow: 

1. Two-Column Cantilever System. A rein- 
forced concrete flat plate construction having 
only two longitudinal rows of columns instead of 
the usual four. Floor slabs cantilever out beyond 
each row of columns and support the walls, which 
should obviously be as light in weight as possible. 
The prospect of only half as many columns and 
foundations seemed likely to result in overall 
economy, a supposition which was strengthened 
by the selection, after long study, of this system 
of construction for use in the Stotler Hilton Hotel 
in Dallas, Texas. 

Uff*Slab Construction. Reinforced concrete 
flat plate floor slabs poured on the ground one 
on top of another, and lifted into place by the 
patented "lift-slab" technique. Columns are as- 
sumed to be steel, but may be precast concrete. 
This relatively new system of construction has 



proven to be more economical than poured-in- 
pldce' construction for many types of building in 
all areas of the country. There appears to be no 
reason why New York City housing should not 
take advantage of its proven economies. 

3. Box-Frame Construction. A frameless con- 
struction of precast concrete slabs, applied *both 
horizontally and vertically. Wall, partition, and 
floor slabs are cast on the ground and lifted into 
place by crane. Little used as yet in this country, 
this system of construction has been extensively 
used in Europe. By eliminating all columns and 
beams, and most of the formwork and scaffold- 
ing, it seems likely to effect notable economies. 

4. Light^Steel Framing. The use of bar-joists, 
junior beams, and cold-rolled sections has proved 
to be more economical than reinforced concrete 
construction in many cities. The selection, after 
thorough study, of light steel framing for the 
forty-building Levitt apartment project in Queens, 
showed that this system of construction offers 
economies in New York City too. The reduced 
weight of the structure indicates the possibility of 
significant savings in foundation costs, especially 
where piles are necessary. 

5. Non-Fi reproof Construction. Wood or bar 
joist floor construction on masonry bearing walls. 
This type of construction is very widely used in 
New York City for middle-income housing, and 
the question is naturally raised as to why it should 
not be considered suitable for tax-supported low- 
income housing. Limited by law to a maximum 
height of six stories, this type of construction 
might well be used in outlying sections where 
land values do not necessitate high rise buildings, 
and also in central areas in conjunction with high 
rise buildings. 

in all cases it should be noted that, in order to obtain 
the maximum economy from any structurar system, 
the project must be designed from the outset for that 
system of construction. This fact has been something 
of a handicap to the present study which has had to 
take an existing public housing design and adapt it 
to several types of construction which were being 
studied. Potential economies may very well be great- 
er than indicated in the following pages. 
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I TWO-COLUMN CANTILEVER 

The two-column system differs from the usual flat- 
plate designs used in tall buildings in that there are 
only two longitudinal rows of columns in the long 
narrow building and the floor slabs cantilever 8 feet 
beyond both column centerlines. 

Structurally, the double<ontilever design is highly 
efficient because bending moments at columns and at 
midspan are nearly equal, resulting in less reinforcing 
steel and less concrete per slob. 

On the following pages we present: 

1 • Review of current two-column cantilever structures. 

2. A comparative structural and cost analysis of 
two types of reinforced concrete flat plate con- 
struction — the two-column cantilever slab and 
the conventional "spottered-column" or four-col- 
umn cage system of construction. 

Review of Current Structures 

"CANTILEVER FLOORS CUT COST OF 
CONCRETE HOTEL" 

"A tough wind-resistance problem had to be solved 
before savings could be realized with the lightweight- 
aggregate, flat-plate floors, which support thin, 
metal-faced walls." 




In the Statler-Hilton Hotel in Dallas the flot-plcrte 
floors project lO'-O" out from outer columns on all 
sides 
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Plan and Section of a two-column cantilever as de- 
veloped for the Interior-Corridor Scheme of Chapter 
One of this report. 
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Statler-Hilton Hotel in Dallas 



FOUR COLUMN CAGE 
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Comparative Structural Analysis 

A comparative analysis of the two>column cantilever 
vs. the four-column. cage is presented here in order 
to investigate the possible use of the two-column sys- 
tem in public housing. 

The two-column cantilever system was successfully 
used in the Stotler Hilton Hotel in Dallas, Texas, with 
on appreciable cost saving over the conventional 
framing method. Here the slab was cantilevered ten 
feet beyond the column centerlines to support the 
light-weight exterior curtain wall. The use of a light- 
weight concrete aggregate, which was readily avail- 
able nearby, further helped to reduce the dead 
weight of the structure and made possible the use of 
this structural system to its greater efficiency. 

The analysis on the following page is a cost compari- 
son of the two-column cantilever system as developed 
for public housing with a plan type detailed in Chap- 
ter One vs. the conventional four-column system, us- 
ing stone concrete in both cases. The analysis shows 
that in New York City the four-column type would 
cost 30c per square foot or 12% less than the two- 
column cantilever type. However, should lightweight 
aggregate be competitively available in New York 
City, it would lower the cost of this system to some- 
where near the cost of the conventional type by re- 
ducing the dead weight of the structure itself, thereby 
reducing the amount of reinforcing steel required. 
Also, if the New York City Building Code would per- 
mit the use of the extremely light-weight exterior 
walls as used in the Dallas Statler Hilton, thereby 
reducing the concentrated load on the ends of the 
cantilevered floor slabs, the cost of the two-coliimn 
system would be substantially r^uced. 

The comparative ease of forming the identical 10"x 
48" columns and the reduction in the total number of 
columns and foundation further suggest a substantial 
saving in construction time with an accompanying 
cost saving. 

The cost analysis of the tw9 structural systems that 
follows was completed with the cooperation of the 
office of Seelye, Stevenson, Value and Knecht, the 
engineering firm that designed the structure for the 
Statler Hilton Hotel in Dalbs. 









ERJC. 





eOL 



«TWI>^ MID 



.«At 



■^1 



4 A.: 



I 



n^» 



inr- 



[ 



Nrx4«r eou 



•* •!.*• 











1 1 
» 1 


, , 
f ' 




i 



% 

-s 



TWO COLUMN CANTILIVIi 



CONCRCn 

RIINrORCING 

rORMS 



$ S1S.M 
735 .M 



1 



TWO COLUMN CANTlLIViR 



COSTt : 

4VX19' RAY. -$l94S«0i 



$2.$0 HR SQUARI TOOT 
KNIR COLUMN CAOl 




CONCRHI 

RitNrORCING 

FORMS 



$ 44$J0H 
. S 17.0 
7SS.0I 



COSTt 

4VnW SAY« 



•4171S.M 

if 



$3.30 nt SCHIARI rOOT 



/ 

% 



1 

% 



f 

I 



■i- 



I 






I 






I i |j Hf 



I, 



! t 



tt’.cf 






TWO COiUMN CANTIIIVIR 


‘,1 

f 


CONCRni 


$ 515.00 




REINFORCING 


OfR.00 




FORM$ 


795.00 




COST: 




TWO COiUMN CANTIltVIR 


4Vxir 


..$1«4S.00 


t 


$2.50 MR SQUARI FOOT 


Si 


FOUR COIUMN CAGE 




-P KMIt COIUMN CAOi 


CONCRSn 


$ 445.00 


... 


RIINFORONG 


517.00 


■V 


FORMS 


753.00 




COST: 




V 


4Vxir RAYo 






$2.20 FIR SQUARI FOOT 




SECTION AA 

S2.SO m SQUARI raOT (KHIMI 1) 
$2.20 m SCNIARI ROOT (SCHUMI 2) 
SAVINGSi SCHIMI 2 OVU I — 
$.M/SQ. OR 12%. 



• ^ lit 

•CAM 







l4lO* 



'•yk* •!.*• 



^^asBtasijpaisaSiaoet 
• T.«t. CANT. ^NiiNr. (an 



icViCeei 



PLAl l) 



SECTION BB 



TWO-COLUMN CANTILEVER 



o 

ERIC- 

















I 



5 

f 

f 

f 

d 

> 

7 

'i 

k 

A 

'ti 

V 

t. 

t. 



I 




\ 



LIFT-SLAB CONSTRUCTION 

The lift-slab system has in recent years become an 
accepted method of erecting a structure in the safest 
and most economical way. It is now commonplace 
enough to be a standard method of erecting a build- 
ing in most progressive communities in North and 
South America. Approval has been pending on the 
first lift-slob structure in New York City — a 4-slob 
parking garage in Mid-Manhattan. Lift-slob is a pat- 
ented system of construction which relies on under- 
bidding poured-in-place concrete construction for its 
existence. It is ba^ on two premises which should 
form the basis of any effort by the New York State 
Division of Housing to reduce construction costs in 
public housing. This effort to combat continually ris- 
ing costs of both labor and material should direct 
itself towards: 

Search for a lighter structure: 

A lighter structure will mean smaller founda- 
tions — fewer piles — ^ fewer foundation prob- 
lems where there are already, too many. 
Strive for greater mechanization: 

Every effort should be made to take full ad- 
vantage of machine techniques to supplement 
hand labor. 

in lift-slab we have a system that achieves both and 
within five years will do it for less than the present 
cost of poured-in-place reinforced concrete frame in 
New York City. 

With this brief introduction/ wo proMnt on 
the following pages: 

1. A review of current lift-slab construction as out- 
lined in various engineering and architectural 
journals. 

2. A discussion of lift-slab methods as applicable to 
public housing work. 

3. A complete cost analysis of three public' housing 
structures: first an example from a standard 
housing project now under construction (a "Y- 
shape" building); the other two examples from 
structures proposed under "Plan Studies" of this 
report (a 'I'ower Scheme" and an "Exterior Cor- 
ridor Scheme"); all designed for and estimated in 
lift-slab construction. 

4. A summation of lift-slab construction. 
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The lift-slab method is very simple: 



Slabs are poured on grade one on top of another, 
around lifting collars surrounding permanent columns. 



Slabs are then lifted into place to proper heights by 
hydraulic lifting apparatus. 



Once in place slabs are permanently anchored by 
securing collars to supporting columns. 







I 

4 

I 



‘i 

t. 

O 


























I 







LiFT'SLAB CONSTRUCTION 

> , 






! 



I 



r 

i' 

"4 







-iV ' , r ^ ai"'^ ,,V.A 










R«vi«w of Lifl^Slab Construction 
Engr.'News Record, 26 Dec., 1957 

"Lift-Slob Rocord Broakor Plonnod" 

"A Florida :^rm plans to start construction next 
month on the. world's tallest lift-slab building, 
a 14-story $1 lit million cooperative apartment 
house in Hallandale." 
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Engr.-News Record, 3 July, 1958 

"Hoight Rocord Goot Up Again for 
LifNSIabt in tho U.S." 

Erection of the Tower Parking Garage in 
Columbus, Ohio, has jacked up the U. S. height 
record for lift-slabs another notch. The struc- 
ture rises 88 ft. above street level. That's 1 1 ft. 
more than the Citizens Security Corp.'s two- 
year-old parking garage in Cincinnati, which 
formerly ranked as the country's tollest lift-slab 
building (ENR AAay 6, 1956, p.25). Counting 
tho basement and roof, the new garage hos 
14 parking levels. All but the boiement were 
rais^ as lift-slabs from a stacked position on 
the basement floor, vrhere they were cost. 
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Engr.'News Record, 7 Nov., 1957 

"With erection of a 101 ft. high apartment 
house... Mexican Builders Set Lift-Slab Mark" 

"The fallest concrete lift-slab building 
ever constructed is nearing completion 
in Mexico City. It is an 11 story-and- 
basement, 101 ft. high apartment 
house." 

"The structure is part of a $5 million luxury co- 
operative apartment house project being built 
by Centres Urbanos, S. A., a private Mexican 
firm. Companion buildings are four 10-story 
apartment houses (also lift-slab type) and a 
commercial center." 
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Mexican Builders Set Lift-Slab Mark 
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Lift-Slab Methods In Public Housing Work 



in public housing work the use of lift*slab construction 
has two basic requirements: The entire project must 
be carefully designed from early sketch stages with 
lift'slab in mind, and then the project must be en- 
gineered for lifting. 



Designing: 



No building should be "redesigned" for erection by 
lift slab. Such a building will not be able to take full 
advantage of the particular characteristics of this 
building system and will therefore be a costly struc- 
ture. Lift slab works best with a regular column spac- 
ing, with columns "in-line" on a grid system rather 
than "spattered" as in standard public housing con- 
struction. Bays should have a 2*to-3 ratio in size with 
20^ to 25' as maximum dimension — say 16'x24'. All 
this requires careful layout of apartments (horizontal- 
ly as well as vertically). Columns should not be "off- 
set" too much but 2'-0" to 2'-6" off center is still 
economically possible. Avoid large openings (other 
than stairs and elevators) in the slabs — rather, use 
more scattered sleeves in slabs. Balconies, exterior 
corridors, etc., can easily be lifted as part of the main 
slab. Remembering that a lifted slab requires no 
spandrel beams, openings in exterior walls can go 
from slab to slab. Use minimum floor heights — 8'-1" 
is recommended; with 7" slab this gives 7'-6" clear 
room height suggested by many designers for public 
housing work. (See further discussion of this subject 
in Chapter Four.) Building wings should have 6000 
to 12000 sq. ft. per lift. Most of these basic rules will 
help produce a very economical lift-slab structure. As 
they are disregarded, the final cost goes up. These 
requirements will not necessarily confine apartment 
layouts to rigid patterns nor do they require any sub- 
stantial revision to present New York State Division of 
Housing design standards. Two of the schemes dis- 
cussed in "Plan Studies" section of this report have 
been designed to meet most of these requirements 
and both have complied with New York State Division 
of Housing room and apartment layout standards 
while proving to be well suited to lift-slab procedure. 
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Engineering: 

Structural engineering of lift-slab is a major part of ^ 
the design for a structure to be erected in this manner. ? 
As many engineers who have worked with this system '[ 
have found, the analysis and design is identical in | 
many respects to any other structural analysis and 
design. Two items do differ in this system, and they | 
are the column design and the collar design. I' 

Column Design: | 

As the first slab is lifted by hydraulic jacks, the column | 
has no restraint at the top and is fixed or built-in at | 
the bottom. Jack is centered on column at top — this | 
column has a concentric load equal to dead load 
reaction of slab (or slabs) being lifted, it has been 
found that Euler's equation with an appropriate fac- I 
tor of safety (due mostly to impact at start of lifting) f 
can be used: 




where: P= critical load value ^ 

E = modulus of elasticity | 

I = moment of inertia of the column section | 
L=free length of column j 

With column built in at bottom and free at top: | 

L=2xl I 

where: I = free length of column | 

Thus, the above equation for bottom-fixed columns c 
reduces to: i 
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:nglneering: 



^*‘^uctural engineering of lift-slab is a major part of 
‘ ^design for a structure to be erected in this manner. 
As many engineers who hove worked with this system 
;have found, the analysis and design is identical in 
many respects to any other structural analysis and 
design. Two items do differ in this system, and they 
,'^.’6 the column design and the collar design. 

I 

;;Cblumn Design: 



As the first slab is lifted by hydraulic jacks, the column 
!has no restraint at the top and is fixed or built-in at 
;the bottom. Jack is centered on column at top — this 
rcolumn has a concentric load equal to dead load 
Ireaction of slab (or slabs) being lifted. It has been 
^found that Euler's equation with an appropriate fac- 
;tor of safety (due mostly to impact at start of lifting) 
fcdn be used: 





|:where: P= critical load value 
E = modulus of elastidty 
I = moment of inertia of the column section 
I L = free length of column 

IWith column built in at bottom and free at top: 
|l.=2xZ 

V * M 

vwhere: I = free length of column 

ifhuvthe above equation for. bottom-fixed columns 
f reduces to: 
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Once slabs are secured in place columns can be 
checked by any equation recommended by building 
codes for axially loaded columns: 



P/A 
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For columns where l/r less than 120 

where: P/A = allowable axial stress 
I = free length of columns 
r= radius of gyration 

In general, steel columns can be pipe, H-sections, or 
squares formed of angles; precast concrete columns 
may be round or square. For economical collar 
shapes, it is desirable to use column sections that are 
symmetrical about both axes. 

Collar design: 

The lifting collar, usually a cast steel plate, serves 
three purposes. Pbced around the column, it is cast 
into the concrete slab when it is poured. Rods are 
fastened thre* h this collar which in turn lifts the slab 
as the threoo . rods are turned. Once up collars are 
locked to columns, supporting slabs. Finally, the 
collar becomes a stiffening capital for the column. 
Collar being stronger will not deflect like the slab. Its 
size and detail are based on two conditions: shear 
from the slab reaction — for this (with no deflection 
of collar) the following equation can be used: 



v« 



V 

b|d 



where: V == reaction due to total load 

bf = periphery around collar (width of collar 
plus twice effective depth of slab around 
entire collar or, 4 (b-2d)). 
j — assumed as .875 

d = distance from center of gravity of tens- 
ile reinforcing to compression face of 
the slab. 

Bearing stress between collar and concrete slab must 
be within specified limits. 
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Following is a brief outline of the complete design 
procedure for a multi-story lift slob structure: 

1 Lay out floor plans, locating columns in a rectangular 
grid. Column spacing is the most important engineer- 
ing feature to provide the most economical design. 
Use of cantilevers, if feasible, greatly increases effec- 
tive use of reinforcing steel in slabs, thereby resulting 
in added economy. 

2 Lift-slabs should be designed according to American 
Concrete institute Building Code as a flat slab panel. 
This method permits each row of columns to be ana- 
lyzed as a bent and apportions calculated reinforc- 
ing steel into column and middle strips. Analysis used 
for design of each bent is a moment distribution sys- 
tem with bent considered a continuous frame. One 
method used is a modification of analogy by Pro- 
fessor Hardy Cross and can be found in any standard 
reference book. 

3 Design of columns previously discussed. Two major 
conditions for consideration of each column are (1) a 
fixed column in static load application, to include 
both dead and superimposed loads, and (2) a column 
used as a lifting support and acting as a vertical 
cantilevered beam. In both cases, column is axially 
loaded and should be designed that way. it is appar- 
ent that column is critical in cantilevered position, 
since slenderness ratio is very high compared to 
static condition. 

4 Design of collar connector previously discussed. Con- 
nector is designed as a direct shear connector, and 
collar plate must be considered as a flat plate not 
subject to deflection. Assumption becomes reason- 
able due to collar's size and section. Several tests 
have been performed with collars to show that no 
deflection is present. Collar plate extends into slab 
and becomes a fixed column«head or capital as well 
os an integral part of sbb. Column must take any 
lateral loads after building erection, it is also neces- 
sary to provide a moment connection between collar 
and column. 

Q Design of footings, in designing an isolated footing 
for a column, consider column and footing as a can- 
tilevered retaining wall, if column is to be used for 
partial support in wind bracing, imposed wind loads 
must be added. 
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8 Remembering that lift-slabs are not static during lift- | 
ing operations, they will therefore be in a deflected ^ 
position the instant they become free of slab upon ! 
which they were poureid. After slab is fostened in 
position, deflection will take a final set which is some- 
what less than deflection during lifting. In a lifting 
position, slab is exactly as assumed in analogy of a | 
beam or column by moment distribution. 
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The structural columns can be either conaete (rein- 
forced), with various methods of securing slabs to 
columns: 
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' ing that lift«slabs are not static during lift* 
ations, they will therefore be in a deflected 
the instant they become free of slab upon 
/ were pour^. After slab is fastened in 
deflection will take a final set which is some* 
than deflection during lifting. In a lifting 
■slab is exactly as assumed in analogy of a 
• column by moment distribution. 



)hiral columns can be either o>ncrete (rein- 
twith various methods of securing slabs to 
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or steel angles or sections, with concrete poured into 
hollow sections after slabs are secured: 




or steel H*sections, with fire proofing sprayed on 
after slab collars are welded in place: 




The slabs can be flat plate with finidied floor and 
ceiling faces applied prior to lifting*. 

or "wafne*type" lightweight slabs, accepting waffled 
ceiling pattern for its acoustical properties. 



LIFT-SLAB CONSTRUCTION 
















Cost Analysis of Throe Housing Projects 

This section will investigate the cost of lifting three 
different public housing projects and compare all 
three to current costs of a similar structure of rein* 
forced concrete. 



First, it would be well to review just where the econo* 
mies lie in the lift*slab method. Then we can proceed 
to the complete cost comparison of the three structures. 

^ There are at least six main areas in construction work 

where lifting a slab proves to be more economical 
f than pouring it in place. It must be remembered that 

these are current economies — more will accrue in 
f the nepr future as this method of construction becomes 

more familiar. The six main areas are: forms, con* 
Crete, reinforcing steel, structural steel, imbedded 
- items, and overhead. 



In lift'slab, the only forms required are edge forms 
around slab, while a formed-in*place slab requires 
edge forms, soffit panels, joists, beams, shores, brae* 
ing, and in many cases, form clamps. Time and labor 
are also required in laying out, plumbing, centering 
forms. After slabs are cur^, forms must be stripped 
and cleaned before another use. Definite savings in 
material and labor as well os time, are obvious. 



Concrete poured for iift*slab is handled on the ground 
and can in many cases be "shot" directly from truck. 
If paver is used, boom can be placed over or close to 
spot where concrete goes. Working, placing, and 
finishing is all done at ground level and results in 
better efficiency by workmen and easier handling of 
tools and finishing materials. If slab is formed in 
, place, concrete must be hoisted up to forms and a 
portion of it buggied. Workmen are not os efficient 
I at higher elevation: all tools and materials hove to 

be hoisted. Time as well as costs are saved by lift*slob 
method in this function. 

LIFT-SLAB CONSTRUCTION 
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Reinfordng steel is all placed and tied at ground 
level in lift*slab construction. This means no hoisting 
of bars, chairs, and other slab accessories. 



Structural steel is placed and set when columns are 
put on the piers. Cast steel collars are hung on col- 
umns just before erection, thereby eliminating need 
for scaffolds or winch lines. Columns do not have to 
be wedged or realigned ot each floor as would be 
necessary if slabs were poured in place. 



Imbedded items that go into any slab are placed in 
lift-slab dt ground level. Sleeves, conduits, thimbles, 
chases, hanger sockets, all openings ore laid out and 
prepared on ground slab. Partition walls may be 
marked out with dialk line or grease crayon and, 
after slabs lifted, marks will appear on ceiling as well 
as on floor. This means much less complication in 
layout of entire building. Sleeves and conduits are 
placed in slabs and tied to reinforcing.steel. In multi- 
storied construction, sleeves will therefore be in per- 
fect alignment throughout height of structure. 



Savings in above items will mean savings in time which 
will be reflected in reduction of actual labor costs as 
well as overhead costs. Need for templates to make 
forms is eliminated, as is need for power sows and 
special form tools. Necessary clean-up of job is at a 
bare minimum. By storing materials under lifted slabs, 
fewer storage shacks are necessary, in doing a job in 
less time with few men, supervision is at minimum in 
both personnel and time on job. Time alfo affects the 
insurance premiums through the construction period. 
A reduction of construction time can cut both con- 
tractor's and New York State Division of Housing's 
overhead per project. 



Masonry and other materials for multi-storied build- 
ing can be placed on slabs before lifting, saving time 
and money in hoisting. Lift slabs also give masons a 
complete building one section after another in d defi- 
nite pattern. Slabs in place give weather protedion 
which enables masons and other trades to work in 
rain. Heating systems can be assembled on each floor 
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linforcing steel is all placed and tied at ground 
! in lift-slab construction. This means no hoisting 
‘bars, chairs, and oilier slab accessories. 



ructural steel is placed and set when columns are 
! on the piers. Cast steel collars are hung on col- 
just before erection, thereby eliminating need 
^ ' scaffolds or winch lines. Columns do not have to 
; wedged or realigned at each floor os would be 
cessary if slabs were poured in place. 



hbedded items that go into any slab are placed in 
-slab dt ground level. Sleeves, conduits, thimbles, 
loses, hanger sockets, all openings ore laid out and 
/epared on ground slab. Partition walls may be 
jarked out with chalk line or grease crayon and, 
slabs lifted, marks will appear on celling as well 
on floor. This means much less complication in 
lyout of entire building. Sleeves and conduits are 
seed in slabs and tied to reinforcing steel. In multi- 
sried construction, sleeves will therefore be in per- 
alignment throughout height of structure. 



dvings in above items will mean savings in time which 
be reflected in reduction of actual labor costs as 
as overhead costs. Need for templates to make 
:*nis is -eliminated, as is need for power saws and 
ecial form tools. Necessary dean-up of job is at a 
minimum. By storing materials under lifted slabs, 
storage shacks are necessary. In doing a job in 
. time with few mep, supervision is at minimum in 
' 9th personnel and time on job. Time alfo affects the 
nsurance premiums through the construction period. 
, reduction of construction time can cut both con- 
.dctoris and. New York State Division of Housing's 
Vmrhead per project. 
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Adionry and other materials for multi-storied build- 
. j can be placed on slabs before lifting, saving time 
, money in hoisting. Lift slabs also give masons a 
jimplete building one sedion after another in a defi- 
ne pattern. Slabs in place give weather protedion 
}liich enables masons and other trades to work in 
Heating ^sterns can be assembled on each floor 
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slab and pulled straight up into place, without having 
to go under or into beams or joists. Many electrical 
conduits and mechanical runs can be prefabricated 
and set into place on ground. Complete plumbing 
manifolds and stacks can be made up, placed on 
slabs, and hoisted with slabs. Access to section of 
building where plumbing goes is good because there 
are no obstructions such as shores or forms. 



With this list of where some of the economies ore in 
lift-slab work, let us examine the cost estimates for 
three projects: 



Building "A"— "Y-Shape" Building 
Building "B"— "Slab-Type" Building 
Building "C"— "Tower-Type" Building 



The complete design analysis (from drawings and 
data furnished by research group) and cost estimate 
was completed with the cooperation of the Lift-Slab 
Corp. of New York City, under the supervision of 
Mr. Robert Egelhoff. 

Final results, general design layouts, engineering data 
and costs checked during various interviews with: 



AAr. Seymour Gage 

Gage & Martinson, Engrs., N.Y.C. 



Mr. Aforenberg 
Garfinkel & Marenberg 
100 West 42 St., N.Y.C. 



Mr. A. L. Stevenson 

Seelye, Stevenson, Value & Knecht 

101 Park Avenue, N.Y.C. 



Mr. F. Severed 

Severud, Elstad & Krueger, Engrs. 
415 Lexington Avenue, N.Y.C. 
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In the cost stud/, the following basic assumptions 
oppl/ to all three structures: 



1 . Floor-to-floor heights set at 8^-1"; with 7" slobs 
7’>6*' clear. 

2. Study based on "average" building height of 1 7 
floors and roof — total height: 1 47'-0". 

3. 18 slobs lifted on steel H columns as noted; 12, 
14, WF. 

4. In "A" and "B" connecting links with stairs and 
elevators are poured in place — rods tie into 
lifted slobs. 

5. In "C" complete slob is lifted with required 
openings. 

6. Cost of poured-in-place sections prorated per 
sq. ft. basis. 

7. Foundations of each structure prorated per sq. 
ft. basis. 

8. Exterior wall in all coses consists of precast con- 
crete panels 5" thick (see Chapter Three); 1 '-0" x 
8'-1 " panel weighs 330 lbs. 

9. All slobs extend 6" beyond outside face of col- 
umns to hold lifting collars; with attached clips 
at slob edge to anchor exterior concrete panels. 

10. No reduction of live load token on any columns 
as design for wind bracing assumed to compen- 
sate for this. 

1 1 . Lightweight concrete used throughout at current 
N.Y.C. price (Spring 1958) of $22.46 net per 
cu. yd. in place. 

12. All openings as dimensioned or noted. 



The complete cost estimate is mode up as follows: 

A. Building "A" complete estimated, (photostat left) 

B. Building "B" based on estimate A. (photostat) 

C. Building "C" based on estimate A. (photostat) 

D. Quantity and cost take-off for each of three build- 
ings. (See typed tabulations) 

E. Summary and comparison to poured-in-place cost 
of Building "A." 



LIFT-SLAB CONSTRUCTION 
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A Building "A"— "Y-shaped Building": 
Floor plan and cost data 

A 'Y-shaped" building of reinforced concrete present- 
ly under construction for New York State Division of 
Housing, slightly modified to line up columns (with no 
change in room sizes or apartment layout) for lift- 
slab. Slight inconvenience of placing some columns 
in middle of wall in a room not considered unreason- 
able for low-income public housing. Typical floor 
plan of three wings used. Average cost of structure 
as built used for comparison with all three structures 
erected by lift-slab. 



LIFT-SLAB CONSTRUCTION 
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1. Lightweight concrete— 1 85,000 SF - 6W thick, in place 

2. Reinforcing steel— 1 85,000 SF @ av. 3.0# per SF 

3. Columns (12WF)— 5 18,672# +537,900#, (528 T) in place \ 

4. Weld blocks— 8,000# of plate =4 tons 

5. Collars — 7A x 18 floors= 1330 % 

6. Roof float finidi— 1 0,300 SF ! 

7. Floor finish— 1 74,700 SF 

' Sf 

8. Separator material — 1 85,000 SF 

9. Lifting and welding — 1 85,000 SF I 

10. Miscellaneous forming — 8,200 SF 
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1 . Lightweight concrete — 1 94,578 SF - JVi" thick, in place 

2. Reinforcing steel — 194,578 SF @ av. 4.5# per SF 

3. Columns (1 4WF)— 824,320#, (412 T) in place 

4. Weld blocks — 1 0,000# of plate = 5 tons 

5. Collars — ^32 x 18 floors =576 

6. Roof float finish — 1 0,8 1 0 SF 

7. Floor finish— 183,768 SF 

8. Separator material — 194,578 SF 

9. Lifting and welding — 194,578 SF 

1 0. Miscellaneous forming — ^9,250 SF 



1 . Lightweight concrete — 78,430 SF • 61^" thick, in place I 

2. Reinforcing steel — ^78,430 SF @ av. 3.5# per SF 

3. Columns (12WF)—190,500# + 143,500#, (1671) in pl?:ce f 

4. Weld blocks— 2,380# of plate =1.2 tons 

5. Collars — ^22 x 18 floors =396 | 

6. Roof float finish — 4,350 SF 

7. Floor finish— 74,080 SF I 

8. Separator material — ^78,430 SF I 

9. Lifting and welding — ^78,430 SF J 

10. Miscellaneous forming — ^2,630 SF | 
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jgWeight concrete—! 85,000 SF - 6Vi" thick, in place 
dinforcing steel — 1 85,000 SF @ av. 3.0# per SF 
.olumns (12V/F)— 51 8,672# +537,900#, (528 T) in place 
. 'eld blocks— 8,000# of plate =4 tons 
*ollars--74 x 18 floors = 1 330 
3 of float finish — 10,300 SF 
ioor flnish-1 74,700 SF 
separator material — 185,000 SF 
.ifting and welding — 1 85,000 SF 
\iscellaneous forming — 8,200 SF 



3,710 CY 


@ 


$ 22.46 — 


$ 83,327 


278 T 


@ 


280.00 — 


77,840 


528 T 


@ 


250.00 — 


132,000 


4 T 


@ 


225.00 — 


900 


1,330 — 


@ 


35.00 — 


46,550 


10,300 SF 


@ 


.10 — 


1,030 


174,700 SF 


@ 


.13 — 


22,711 


185,000 SF 


@ 


.03 — 


5,550 


185,000 SF 


@ 


.762 — 


140,970 


8,200 SF 


@ 


1.00 — 


8.200 








$519,028, or: 




Subtotal 


$2.81 p 


8% for grouting, fireproofing. 


.23 




Subtotal 


^3.04 


10c per sq. 


ft., foundations 


■ -.lO, 



Total $3.14 per sq. ft. 



; Lightweight concrete — 194,578 SF - 7Vh" thick, in place 
^Reinforcing steel — 194,578 SF @ av. 4.5# per SF 
Columns (14WF)-824,320#, (41 2 T) in place 
c Weld blacks— 1 0,000# of plate = 5 tons 
I Collars — ^32 x 18 floors=576 
: Roof float finish — 1 0,810 SF 
^ Floor finish— 183,768 SF 
I Separator nnaterial — 194,578 SF 
f Lifting and welding — 194,578 SF 
; AAiscellaneous forming — ^9,250 SF 



4,500 CY @ 


$ 22.46 — 


$101,070 


437 T 


@ 


280.00 — 


122,360 


412 T 


@ 


250.00 — 


103,000 


5 T 


@ 


225.00 — 


1,125 


576 — 


@ 


40.00 — 


23,040 


10,810 SF 


@ 


.10 — 


1,081 


183,768 SF 


@ 


.13 — 


23,890 


194,578 SF 


@ 


.03 — 


5,837 


194,578 SF 


@ 


.404 — 


78,610 


9,250 SF 


@ 


1.00 — 


9.250 








$448,382, or: 




Subtotal 


$2.30 per sq. ft. 


8% for grouting, fireproofing. 


.19 




Subtotal 


$2.49 


10c per sq. ft 


t., foundations 


— JiL 




Total 





; Lightweight concrete — ^78,430 SF • 6!^" thick, in place 
' Reinforcing steel— 78,430 SF @ av. 3.5# per SF 
; Columns (12WF)— 190,500# + 143,500#, (167T) in place 
>Veid blocks— 2,380# of plate =1.2 tons 
Collars— 22 x 18 floors=396 
Roof float finish— 4,350 SF 
Floor finish— 74,080 SF 
" Separator material — ^78,430 SF 
Lifting and welding — ^78,430 SF 
. Miscellaneous forming— 2,630 SF 



1,575 CY @ 


$ 22.46 — 


$ 35,375 


137 T @ 


280.00 — 


38,360 


167 T @ 


250.00 — 


41,750 


1.2 T @ 


225.00 — 


270 


396 — @ 


35.00 — 


13,870 


4,350 SF @ 


.10 — 


435 


74,080 SF @ 


.13 — 


9,630 


78,430 SF @ 


.03 — 


2,353 


78,430 SF 


.613 — 


48,078 


2,630 SF @ 


1.00 — 


2.630 






$190,111, or: 


Subtotal 


$2.43 per sq. ft. 


5% for grouting, fireproofing. 


.12 


Subtotal 


$2.55 


10c per sq. ft., foundations 


— JIL 


Total 
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E A Summation of Lift-Slab Construction 




SECTION AA FOR BUILDINGS A,B,C 



From the above data, it will be noted that the most 
expensive of the three structures to erect with lift-slab 
was building "A" — redesigned from a standard con- 
crete structure to lift-slab. If properly designed for 
lift-slab at the beginning, this structure could have 
been very economical — first wing formed and 
poured; second wing lifted; and third wing anchored 
in place. Lack of design for lift-slab from the begin- 
ning was accepted however so that this structure 
(under construction) could be used in cost comparison. 
The most economical was building "B" due largely to 
grid-like column layout, good bay sizes, good lifted 
slab sizes (2 lifts each of about 5500 sq. ft.), and low 
number of columns (hence fewer costly column collars 
per floor). 

As a cost comparison, a review was made during field 
Interviews and discussions with engineers and cost 
consultants on the approximate cost in New York City 
of a poured-in-place reinforced concrete frame struc- 
ture. The price of the structure ("average public 
housing projecfQ, complete, ran from $3.05 to $3.35 
per sq. ft. of supported slab. We have, therefore: 



Standard structure: $3.20 par sq. ft. 

(poured-in-place) 

Lift slab method: 

Building "A": $3.14 par sq. ft. 



Building "B": $2.59 par sq. ft. 

Building "C": $2.65 par sq. ft. 

What is not indicated in the above costs are the many 
added advantages derived from the lift-slab build- 
ings in addition to "lower-than-average" construction 
costs for the frame in place. One of them in particular 
is the reduced construction time from beginning to 
end of the forming and lifting operation: 



Building "A" — 30 weeks 
Building "B" — 13 weeks 
Building "C" — 8 weeks 












iation of Lift-Slab Construction 



-above data, it will be noted that the most 
' of the three structures to erect with lift-slab 
. 3 "A" — redesigned from a standard con- 
jure to lift-slab. If properly designed for 
p the beginning, this structure could have 
f economical — first wing formed and 
econd wing lifted; and third wing anchored 
■;Lack of design for lift-slab from the begin- 
accepted however so that this structure 
hstruction) could be used in cost comparison. 
" ccnomicol was building "B" due largely to 
column layout, good bay sizesr good lifted 
(2 lifts each of about 5500 sq. ft.), and low 
columns (hence fewer costly column collars 

comparison, a review was made during field 
; and discussions with engineers and cost 
on the approximate cost in New York City 
ed-in-place reinforced concrete frame struc- 
price of the structure ("average public 
Vofect'^, complete, ran from $3.05 to $3.35 
, of supported slab. We have, therefore: 



structures 


$3.20 per sq. ft. 


-in-place) 




method: 




lling "A": 

/ 


$3.14 per sq. ft. 


iRng "B": 

A' 


$2.59 per sq. ft. 


Mng "C"i 


$2.65 per sq. ft. 



‘ indicated in the above costs are the many 
dvantages derived from the lift-slab build- 
Idifion to ^'lower-than-average" construction 
: frame in place. One of them in particular 
'id construction time from beginning to 
^ forming and lifting operation: 



ling "A" — 30 weeks 
ling "B" — 13 weeks 



ling "C" — 8 weeks 



Add to this the definite promise of even lower costs 
within the near future for lift-slab construction, and it 
can be readily seen why this method of construction 
most be given careful consideration by the Division of 
Housing as soon as possible. There are many prob- 
lems attached to this system of building — as there 
were in steel framing and in conventional reinforced 
concrete — but it promises to have a bright future and 
its economies can not easily be refuted or neglected 
for long. 



In the meantime, the Division of Housing should lay 
the ground work for the final acceptance of lift-slab 
construction: 



Test the method in a project structure — for instance, 
in a low-rise building upstate or on Staten Island — 
right now. 



Establish at an early stage basic design and engineer- 
ing standards for the successful use of lift-slab in 
public housing. 



Educate contractors (general and all subs) to the many 
advantages that each trade can derive (yes, even the 
carpenters in added public housing work made possi- 
ble by reduced costs) from this system. 



Investigate what changes, if any, are required in the 
various local and national codes to permit the full 
development of lift-slab, and initiate an early start 
toward those changes. 



There appears to be no reason why the first lift-slab 
public housing structure should not be erected within 
the next three to five years. It will go up only because 
it will prove to be a more economical structure to 
erect. That fact alone should make New York State 
interested in having that structure erected under its 
sponsorship and supervision. 



LIFT-SLAB CONSTRUCTION 
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3 box-frame construction 



The "box-frame" system of construction is a relatively 
new building technique in the United States. How- 
ever, in Europe, especially England, Russia and the 
Scandinavian countries, it is a common method of 
construction for high-rise buildings. The reason for 
this trend toward the box-frame is the economy in- 
volved in such a structure, in these countries, the lack 
of an immediate supply of steel made it a necessity 
to develop a structural system based on native mate- 
rials. Concrete, being in abundance, was developed 
as the major framing material. Because of its plastic 
character, it has lent itself with ease to the develop- 
ment of precasting techniques. From this develop- 
ment of pre-cast integral parts, the precast box-frame 
became the next logical step in the development of 
the structure. 
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Advantages: f 

The advantages of the box-frame are many. One is p 
the ability of the system to resist any wind forces act- | 
ing upon it. Horizontal displacement of one story | 
with respect to another is prevented in a skeleton | 
frame by shear across the columns. In the box-frame, | 
it is prevented by friction of wall on floor making | 
movement negligible because of the sheer weight of | 
the wall. In effect each wall acts as a solid plate, | 
stiffened by the floor system. Because of this integral | 
system of wind bracing; the overall sway of the struc- | 
hire is greatly reduced, if not entirely eliminated. The | 
economies involved here become most significant. | 
Long range savings occur in maintenance. Such com- | 
mon repair headaches as cracked partitions, sprung | 
doors, damaged window frames and the like, result- 
ing directly from the movement of the structure, are f 
eliminated. The structural elements in themselves are 1 
fireproof resulting in a completely fireproof structure; 
this eliminates the necessity for any additional fire- 
proofing. Foundation problems, where soil does not I 
have much bearing capcicity, are greatly improved 
because the total load of the building is distributed 
over a much larger area. In the system there is also | 
the added advantage that the bearing walls between | 
apartments give excellent sound insulation (60 deci- 
bel reduction for a 9" wall). j 

The first example of box-frame construction in the 

United States is the Hartford Park public housing 

development in Providence, R. I. Though this system I 

was cast in place the structural principles are the 

same. The savings realized on this project have al- | 

ready been published and clearly show the marked 

economies of this system. | 

I 

\ 

In this section we present: j- 

1* The planning requirements for box-frame con- 
struction, based on a current New York City hous- / 
ing project, with suggested cost saving details. | 

2. A study of exterior elevation treatment for build- | 
ings built by the box-frame method. This will be f 
in two parts — « first, proposed elevation studies I 
and second, a perspective rendering showing a | 
public housing structure erected by the box-frame | 
method. I 
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intages of the box-frame are many. One is 
of the system to resist any wind forces act- 
it. Horizontal displacement of one story 
. ::t to another is prevented in a skeleton 
; shear across the columns. In the box-frame, 
7ented by friction of wall on floor making 
negligible because of the sheer weight of 
: In effect each wall acts os a solid plate, 
by the floor system. Because of this integral 
. wind bracing; the overall sway of the struc- 
eatly reduced, if not entirely eliminated. The 
involved here become most significant, 
savings occur in maintenance. Such com- 
headaches os cracked partitions, sprung 
amoged window frames and the like, result- 
/■y from the movement of the structure, ore 
; The structural elements in themselves ore 
resulting in a completely fireproof structure; 
linates the necessity for any additional fire- 
Foundation problems, where soil does not 
:h bearing capacity, are greatly improved 
}the total load of the building is distributed 
liuch larger area. In the system there is also 
advantage that the bearing walls between 
' give excellent sound insulation (60 deci- 
:tion for a 9" wall). 

, example of box-frame construction in the 
States is the Hartford Pork public housing 
|nent in Providence, R. I. Though this system 
in place the structural principles are the 
. I savings realized on this project have ol- 
^ ir published and clearly show the marked 
_ of this system. 
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^section we presents 

planning requirements for box-frame con- 
tion, based on a current New York City hous- 
)roject, with suggested cost saving details. 

' of exterior elevation treatment for build- 
puilt by the box-frame method. This will be 
' _ parb — ^ first, proposed elevation studies 
ftecond, a perspective rendering showing a 
housing structure erected by the box-frame 
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Economies: 

With development pf pre-costing techniques, the 
economies and other advantages of the box-frame 
became obvious. The virtual elimination of formwork 
is one of the first cost savings involved. Mass produc- 
tion of the structural components, the pre*casting of 
standard size units, either factory-cast or cast-at-the- 
site, is another cost saving feature. The ease of erec- 
tion of the pre-cast units greatly reduces construction 
time and thus reduces the cost of the structure. Whole 
sections of exterior walls (adequately insulated as 
shown in Chapter Three), as well as partitions and 
floors, can be erected and placed in record time. We 
can see from the savings mentioned above that this 
system should be further investigated as a possible 
building method in the near future. 

Theory: 

This system of construction is based on the theory that 
vertical members, since they outnumber and are 
larger in total area than horizontal elements, might 
logically be precast with considerable economy. By 
making these vertical members load-bearing, the 
need for a structural frame could be completely 
eliminated. Certain of the interior partitions (corridor 
walls, party walls and the like) would structurally 
support each floor. In like manner, each floor could 
be precast in sections and erected and joined to its 
carrying walls. 

The Structure: 

Structurally the system is very simple. In the standard 
skeleton frame construction all loads are transferred 
from floor slab to beams to girders to columns and 
thence down to the foundation. The loads are con- 
centrated at each column. In the box-frame walls 
and partitions carry the load of the floor slabs without 
the use of columns or beams. Vertical panels are lifted 
into place by a crane, set on a bed of mortar and held 
in position with braces. Steel lifting eyes in the top 
edges of the panels provide anchorage when the 
floor or roof slab is lowered into position. The weight 
of this total structure is reduced by the use of light 
weight concrete. 

BOX-FRAME CONSTRUCTION 







REDESIGN OF PLAN SHOWN 
FOR PRE-CAST BOX-FRAME STR> 
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Planning for Box-frame Construction | 



Diagram above indicates the floor plan of a current 
New York City housing project. The plan right shows 
the application of the precast box-frame system to 
this basic floor plan. The heavy partitions in the plan 
indicate the position of the load bearing elements. 
The bathrooms have been changed to a suggested 
4'-6" width to show bow this sixe would work in a 
typical apartment layout. By the application of this 
structural system it will be noticed that almost all jogs 
in the basic floor plan as shown at the left have been 
removed without altering the required size of the 
rooms. There is now a series of clearly articulated 
spaces formed because of the elimination of columns 
from these spaces. This is just one apartment type to 
which this structural system could be applied; it must 
be stated, however, that it is not the ideal plan type 
for the use of the box-frame. Ideally the box-frame 
would be applied to an apartment type where all the 
bearing walls would be cross walls forming a cellular, 
honeycomb-like structure into which the apartment 
rooms would nestle. 
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OR PRE-CAST BOX-FRAME STRUCTURE 
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Plan at left shows the concrete framing system of a 
current New York City housing project. Notice the 
irregularity of the column spacing. The two diagrams 
above show the application of the box-frame meth^ 
to this project. 

Diagram A shows the floor framing system. 

)> 

Diagram B indicates the position of the load bearing 
walls. 

Both diagrams have been imposed on the structural 
framing plan as it was designed for the current New 
York City housing project wi^ substantially no change 
in room or apartment layout. 
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PANEL TYPES USED IN CONSTRUCTION 











Jelt shows the concrete, framing system of a 
New York City housing project. Notice the 
*!y of the column spacing. The two diagrams 
>w the application of the box-frame meth^ 
oiect. 

A shows the floor framing system. 

B indicates the position of the load bearing 



ogroms have been imposed on the structural 
plan os it was designed for the current New 
; housing project wi^ substantially no change 
27 apartment loyout. 
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ANCHOR AT LIFTING RINGS 

This elevation and section show the connection at the 
point where the lifting ring precast in the load bear* 
ing wall meets the adjoining floor slab. Notice that an 
anchor bolt is cast in the bottom of the wall above to 
secure it in the same jointing as the ring below. Mor> 
tar will fill the sleeved joint in the floor slab just prior 
to lowering the upper wall into position making the 
entire connection rigid and stable. 



ANCHOR BETWEEN TWO WALLS 

This plan and elevation show the connection at the 
point where two load bearing walls meet. Slot type 
bolt inserts are precast in the wall panels at the 
appropriate positions. As the walls are brought into 
position a cement mortar bed is first applied at the 
point of juncture. Then bolts are inserted in the slotted 
inserts. Hexagonal nuts are applied to the bolts se- 
curing the plate in position and making a tight con- 
nection between the walls. 
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ANCHOR BETWEEN TWO WALLS 

This plan and elevation show the connection at the 
point where two load bearing walls meet. Slot type 
bolt inserts are precast in the wall panels at the 
appropriate positions. As the walls are brought iirto 
position a cement mortar bed is first applied at the 
point of juncture. Then bolts are inserted in the slotted 
inserts. Hexagonal nuts are applied to the bdts se- 
curing the plate in position and making a tight con- 
nection between the walls. 




This section shows the application of a standard brick 
veneer exterior over the box-frame structure as de- 
veloped around a current New York City housing 
project. 

SECTION B 

This section shows the application of a precast cur- 
tain wall enclosing the entire box-frame system. The 
panels are bolted to the floor slab top and bottom 
and a spline of insulation acts as the jointing strip 
between the two panels themselves. 

SECTION C 

This section shows the exterior wall as load bearing 
but left exposed as part of the exterior treatment of 
the wall as illustrated on a previous elevation study. 
The solid precast panel is backed up by an inner wall 
of Insulrock to give the wall a better insulating value. 

SECTION D 

This section shows the exterior wall as a precast cur- 
tain panel applied within the cell or honeycomb of 
the box-frame structure. The curtain panel is shown 
as solid concrete rather than an insulated sandwich 
and is backed up by Insulrock. 
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Isometric cut-away view of the current New York City 
housing project whose plan appeared on Q previous 
page. This view shows the precast load-bearing walls 
ond precast floor slabs in their relative positions. All 
other partitions have been omitted for the sake of 
clarity. The specific jointing techniques used between 
various type slabs and the position of these joints is 
also shown. A indicates lifting rings later grouted to 
anchor wall panels to floor panels. B indicates poured 
filler strip (note bars exposed in precast floor slab to 
permit strong bond between floor slabs). C indicates 
temporary shoring for free-standing wall slabs (kit- 
chen walls in plan). 
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CURTAIN WALL 

In this elevation development it has been assumed 
that the structural system has been designed as the 
ideal for box-frame in which the total structure forms 
a series of cellular boxes or honeycombs. As the first 
possible elevation treatment of such a structure, a 
curtoin wall has been placed completely over the 
structure. The curtain wall itself would be formed of 
precast concrete sandwich panels designed on a strict 
modular basis according to the bay size of the struc- 
ture behind. Spandrel panels could be of color inte- 
grated with the precast concrete. The panels would 
be simply clipped top and bottom to the precast floor 
panels and connected one to the other by standard 
details for such connections. The overall effect would 
be an expression of verticality achieved by the alter- 
nating bands of solid and window panels. 
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HORIZONTAL EXPRESSION 

In this elevation, the floor slabs are carried beyond 
the exterior walls as one of the main architedural 
expressions. The structure behind can be the standard 
cellular box frame or, as an alternate structural solu- 
tion, the solid panels shown could be the load bearing 
members placed on the perimeter of the building with 
light curtain panels as the fill in between the struc- 
tural members. In this alternate structural scheme the 
structural members are clearly expressed because of 
the rigid grid required of alternating solids and voids 
in order to gain maximum support of the floor slabs 
above. In such a system a cross wall would occur 
every so often to act as a stiffener and vnnd brace. 
The overall expression of the floor slobs would aid 
greatly in reducing the scale of the building. 
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IMORIZONTAL EXPRESSION 

I In this elevation, the floor slabs are carried beyond 
|the exterior walls as one of the main architectural 
I expressions. The structure behind can be the standard 
r cellular box frame or, as an alternate structural solu* 
'j fion, the solid panels shown could be the load bearing 
• members placed on fhe perimeter of the building with 
f light curtain panels as the fill in between the struc* 
'< tural members. In this alternate structural scheme the 
j structural members are clearly expressed because of 
I the rigid grid required of alternating solids and voids 
I in order to gain maximum support of the floor slabs 
above. In such a system a cross wall would occur 
^ every so often to act as a stiffener and wind brace. 
' The overall expression of the floor slabs would aid 
I greatly in reducing the scale of the building. 
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THE GRID 

In this elevation development the entire structure is 
exposed and is the main architectural expression of 
the building. The cellular, honeycomb like character 
of the box frame is now clearly defined. Bearing 
walls and slabs are recognized for what they are and 
what they do. Within the structural grid the curtain 
panels can be expressed as solids, voids or combina- 
tion of both for the main expression will always be 
the structure, the curtain being subservient to it. Here 
again the total scale of the building is further reduced 
for the grid now clearly defines rooms and combina- 
tions of rooms. The onlooker perhaps feels more 
comfortable in such a surrounding for instead of the 
overpowering effect of sheer wall masses surround- 
ing him he can see this massing broken down into 
clearly articulated living spaces, as is evident in the 
rendering presented at ^e right. 
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There has been a considerable amount of contro* 
versial discussion about the potential use of light-steel 
framing in multi-story apartment house construction. 
It was decided by the research stafF to analyze this 
method of structural framing. Throughout this an- 
alysis it has been exceptionally difficult to corroborate 
any factual data due to the wide fluctuation of con- 
flicting professional opinion. 






4 



LIGHT-STEEL FRAMING 



After extensive review, the stand taken by the re- 
search staff is that light-steel framing should definitely 
be considered as a possible structural method for low- 
income housing projects. There should be at least 
some consideration given to an alternate system of 
design and bidding where a true picture of the pos- 
sible economic value of light steel framing could be 
seen. A project should not be designed for concrete 
and then offered for bid with steel as an alternate. 
The desired method would be to prepare a separate 
design in which the building would be planned for 
the limitations and requirements of light-steel framing. 
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One basic consideration is that of using a regular 
column spacing. This has been estimated to save from 
5% to 10% of the structural cost, so it is actually a 
cost saving — not just a restrictive requirement. An- 
other point that cannot be stressed too heavily is that 
the architect should be given some freedom in plan- 
ning of apartment layouts so that the regular spacing, 
so necessary with steel construction, will not become 
a planning handicap. Some relaxation of the string- 
ent room size requirements should result in an overall 
lower building cost. 



Regular column spacing is not a unique requirement 
restricted just to light-steel framing. All structural sys- 
tems are more economical if regular column spacing 
is used. Lift-slab, in particular, depends upon regular 
column spacing for major economies. One reason 
why regular column spacing achieves its 5% to 10% 
structural cost saving is due to the duplication of all 
steel members throughout the structure. Fabrication 
of all units becomes a simple problem as most parts 
are interchangeable. The steel obtains maximum 
usage of the theoretical moment which produces de- 
flection in beams. Because of this maximum use of 
moments, there is no waste in the amount of steel re- 
quired as there is in structural systems which contain 
unequal bay systems with scattered column spacing. 
Thus, the savings are also obtained in weight of steel 
required. 



The use of light-steel framing is not a radical step in 
economical multi-story apartment house design. For 
many years it has been utilized to provide a rigid, fire 
resistant, economical floor construction for multi-story 
office buildings, schools, and apartment houses. An 
example of its use for apartment house construction 
in New York City is the forty-building Levitt Apart- 
ments in Whitestone, Queens. A cost comparison for 
this project will follow. 









Some advantages of light-steel framing are asfollows: 



It is a fire-resistant construction. 
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Light in weight, thereby decreasing foundation loads 
as well as facilitating the handling and placing of 
members. 



Goes up faster, and uses less field labor (particularly 
in forming) than most other structural systems. 



Contractors take minimum risk in this kind of work, 
because almost all elements are prefabricated, not 
field manufactured. 



Because of the open-web construction, space is avail- 
able for the passage of pipes and electrical conduit. 
This will result in lower costs for the electrical and 
mechanical trades, it also will enable the running of 
unsightly steam risers and returns under floor to a 
central point. 

Material is non-rotting and termite proof. 
Standardized in dimensions and in carrying capacity. 



With this introduction we present: 

1 . Comparative analysis of 8 structural sys- 
tems — concrete slab floors with a variety 
of supporting beams and columns including 
steel joists framing equal bays. 

2. Comparative cost analysis for Levitt Apart- 
ments — using the comparative structural 
analysis above to select a structural system 
for the forty-building Levitt Apartments in 
Queens. 

3. Planning for steel frotning — 

first, a review of the floor plan of a current 
New York City housing project and, second, 
a redesign of the concrete framing system 
of that housing project for light-steel fram- 
ing; followed by an isometric of the pro- 
posed framing system and framing details. 

4 . Building code revisions — a review of the 
New York City Building Code with suggest- 
ed revisions to permit greater use of light- 
steel framing. 
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LIGHT-STEEL FRAMING 



Comparative Analysis of 
8 Structural Systems 



The following is a cost analysis of eight different 
structural systems for apartment houses. In this an- 
alysis light-steel framing (Scheme H) was found to be 
most economical. The analysis was originally under- 
taken by the firm of Holabird, Root and Burgee and 
published by the Gypsum Association. Since the cost 
figures for this comparison are not recent cost data, 
the cost figures were reduced to percentage form 
using Scheme H as 100%. For easy reference a tabu- 
lar breakdown of the comparative analysis of the 
eight systems is presented first: 



Scheme 

A 

B 

C 

D 

E 

F 

G 

H 



Cost Factor 

105 % 

151 % 

123 % 

151 % 

120 % 

119 % 

117 % 

100 % 



This is followed by a presentation of a typical fram- 
ing plan and detailed section of each of the eight 
schemes: 



A— 2" concrete slab on steel joists, with steel beams 
and columns. 

B — 3" concrete slab, concrete joists, steel beams and 
columns. 




PLAN 




SECTION AA 

2" stone concrete slab on hyrib or 
paper-backed lath on steel joists; 
steel beams and columns (fireproofed); 
1" gypsum perlite ceiling. 




C— 3" concrete slab, concrete joists, concrete beams 
and columns. 

D — 4" concrete slab, steel beams and steel columns. 

E — 4" concrete slab, concrete beams and concrete 
columns. 

F —414" two*way concrete slab, wide band concrete 
beams and concrete columns. 

G— 714" concrete flat slab and concrete columns. 



PLAN 




H — 2" concrete slab on steel joists, steel beams and 
columns, equal bays. 



3" concrete slab on concrete joists; I 

steel beams and columns (fireproofed); 

%" plaster ceiling on metal lath. | 
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PLAN 



PLAN 



SECTION AA 



2 " stone concrete slab on hyrib or 
paper-backed lath on steel joists; 
steel beams and columns (fireproofed); 
1 " gypsum perlite ceiling. 




SECTION CC 



3" concrete slab on concrete joists; 
concrete beams and columns; 
plaster ceiling on metal lath. 
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SECTION DO 






3 " concrete slab on concrete joists; 
steel beams and columns (fireproofed); 
plaster ceiling on metal lath. 



4" concrete slab on steel beams; 
steel beams and columns (fireproofed); 
%" bond plaster ceiling on slob. 
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PLAN 




SECTION EE 



4" concrete slab on concrete beams; 
concrete beams and columns; 

W* bond plaster ceiling on slab. 




SECTION 6Q 



7!^" concrete slab, no beams; 
concrete columns; 

%" bond plaster ceiling on slob. 
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SECTION FP 




SECTION HH 



4 V 2 '" twO'Way concrete slab, wide band; 
concrete beams and columns; 

W bond piaster ceiling on slab. 



2" concrete slob on steel jetsti; 
steel beoms and columns (firepreefed); 
gypium perlite celling. 
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Comparative Cost Analysis for* 
Levitt Apartments 



The following is a cost analysis prepared by Edward 
Schnitzer; engineer, in June 1957, as a preliminary 
study for a group of New York City apartments. These 
results have been revised as of April 1958. Although 
the building size in this analysis is not identical v/ith 
the plan reviewed and redesigned later, the building 
width, sizes of bays, and sizes of structural members 
are sufficiently close to give a realistic comparison. 



The structural system consisted of an open panel skele* 
ton of rolled solid web sections except for exposed 
columns below the first floor, which were fireproofed 
lolly columns. Solid web joists were used as fill-in 
beams and a modified wind bracing connection de- 
vised at certain columns. All girders on the front and 
back of the building were cantilevered on a 1:3.68 
ratio, enabling the facade loads and cantilevered 
area loads to be used as a counterweight to the in- 
terior floor loads and thereby achieving economy of 
steel in these girders. 



The floor system consisted of a 214" reinforced con- 
crete slab supported upon the steel framing. The top 
of the steel was set 2" below the top of concrete, 
thereby providing full lateral bracing effect to all 
beams and joists. The underside of the steel framing 
was tied together with rib lath and a W vermicuiite 
plaster placed thereon, thus providing a 3-hour con- 
struction. 



Following is the analysis of structural costs for the 
Levitt Apartments in Whitestone, Queens: 
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COSTS (STRUaURAL) - LEVIH HOUSES 
Cost Estimate for light^stoel construction: 



214" Concrete Slob $0.55 SF 

Steel (including cols.) — 

7.9#/sq. a @ 171/2C/# 1.38 SF 

Field Paint Coat on Steel — 

7.9# /sq. a @ Ic/# 0.08 SF 

%" vermicuiite plaster on rib loth 0.45 SF 

Cost of light steel construction — .$2.46 SF 

Cost Estimate for 6" Concrete 
Flat Slob Construction: 

6" Concrete Slab — 

0.5 cu. ft./sq. ft. @ 90c/cu. ft. $0.45 SF 
Column Concrete — 

0.05 cu. a/sq. a @ 90c/cu. a. 0.05 SF 
Reinforcing Steel — 

4.37# /sq. ft. @ 22c/# 0.96 SF 



Slab formwork — 

1.00 sq. a/sq. a @ 90c/sq. ft. 0.90 SF 
Col. formwork — 

0.15sq.a/sq.a@72c/sq.a 0.11 SF 



Rubbing Concrete 0.19 SF 

Finish (1" slick) 0.10 SF 

Cost of 6" Flat Slob Construction — -. $2.76 SF 

Comparison - Light-Steel and Concrete:- 

Light-Steel $2.46 per sq. a 

Add for increased height of building 
(7" per floor) 0.032 sq. a. of 
wall per sq. a of floor area 
0.032 X $1 .25 0.04 per sq. ft. 

Adjusted cost — $2.50 per sq. a 

6" Concrete Slab $2.76 per sq. ft. 

Add for increased cost of foundation 
and excavation due to greater 
weight of structure — .03 per sq. ft. 

Adjusted Cost — $2.79 per sq. ft. 



Recapitulation:- 
6" Concrete $2.79 

Ligh^St0el 2.50 

$0.29 per sq. a. of floor area 

Since this analysis was made (June, 1957) there has 
been a considerable drop in the price of structural 
steel and as of April 1958 the difference in cost had 
increased to $0.76 per square foot of floor area. 
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Planning for Steel Framing 

The next portion of this study covers the review and 
redesign of a current multi*story New York City hous- 
ing project. The actual project is to be constructed of 
flat plate reinforced concrete, but here, for theoretical 
purposes only, it has been redesigned to utilize steel 
framing. Again it must be mentioned that an ideal 
plan cannot be arrived at by simply superimposing a 
regular steel grid over an existing concrete design. 

The presentation consists of framing plans and details 
to clarify possible areas of cost savings. The various 
possible methods of framing in light steel are also 
shown: e.g. open-web joists, Stran-Steel joists, and 
Cofar type construction. 

This portion ends with a full page isometric of the 
suggested light-steel framing system. 




Diagram above indicates the floor plan of a current 
New York City housing project. The redesigned plan 
shows the application of light steel froming require- 
ments to the existing plan. An equal-bay column 
grid has been superimposed over the existing scat- 
tered column plan. Certain partition changes had to 
take place in order to fit within this grid. With these 
changes certain room areas have been revised. This, 
however, is not the ideal way to design for steel. 
Ideally the most economical, equal-bay spacing 
should be analyzed and its structural grid outlined as 
the starting point for designed layouts. Architects 
should then work within this grid. They should not be 
required to work, as they are at present, within the 
much too stringent room size staridards selected for 
such projects, increases in area of certain rooms 
would prove more economical in the long run because 
of the use of this ideal bay system. Better living areas 
would be reolized ot a reduction in the total cost of 
the project. 
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REDESIGN OF PLAN SHOWN AT LEFT J 
FOR LIGHT-STEEL FRAMING SYSTEM 
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LIGHT-STEEL FRAMING 
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FRAMING PLAN 



SECTION A-A 
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LIGHT-STEEL FRAMING 
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Diagram above shows the concrete framing system of 
a current New York City housing project. Notice the 
irregularity of the spacing and the variety of size of 
the columns as compared to the redesigned plan. 
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Illustrated is the equal-bay framing system developed 
within the same architectural floor plan of the current 
project. As was mentioned, this is not necessarily the 
ideal or most economical bay type to be developed; 
but it suffices to show how well the framing can be 
simplified and a duplication of parts of standard size 
brought about. The equal-bay spacing illustrated 
shows the columns on a 13'-6" center line spacing. 
Within each bay the short span open web joists are 
placed 2'-3" on center, 5 joists per bay. The steel 
members running parallel to the steel joists are util- 
ized as intermediate bracing members. 



The cross section taken through two typical floors, 
shows the joists carried by the main structural steel 
beams. On top of the joists is a 2 V 2 " poured concrete 
floor deck. Below the joists and around the main 
structural steel fireproofing would be placed to give 
the required 3-hour rating to the structure. 
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Isometric cut-ciway view of the current New York City 
Housing project whose plan appeared on previous 
pages. This cut-owoy view shows the equal*boy col- 
umn spacing developed within the existing plan and 
a method of framing these equal bays. At A^ortspan 
open web joists span from bay to bay; two methods 
of support for the poured concrete floor slob ore 
shown. The first method is illustrated on the upper 
floor at B. It shows the application of a corrugated 
metal deck over the joists os the supporting member 
for the concrete. The second method, shown directly 
below this at C, is the placing of paper-backed 
ribbed-metol loth over the joists os the supporting 
member for the concrete. A fireproof ceiling would 
be applied below the joists to give the necessary fire 
rating. The fireproofing of columns and beams is 
illustrated at D. 
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OPEN WEB JOIST WITH SUSPENDED VERMICULITE CEILING 
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achieved by covering ail steel with vermiculite. 
A few advantages of this system, easily seen above, 
are that no forming or shoring is required, size and 
weight of steel members makes for easy handling 
thereby increasing speed of erection, piping and con- 
duit can run in any direction completely concealed 
and low sound conductivity floor to floor is achieved. 



COFAR STEEL DECKING WITH SPRAYED VERMICULITE 




Detail above shows the span between structural steel 
members of the steel cage is achieved by the use of 
Cofar metal decking. This should prove to be more 
economical than the steel joists for a number of ob- 
vious reasons. There is a total elimination of all steel 
joists. The Cofar deck acts as the form and reinforc- 
ing of the 2Vi" concrete floor deck. Fireproofing can 
be applied directly to the metal surface, eliminating 
most of the metal lathing required on the steel joists. 
Fireproofing could either be applied as a flat ceiling 
or gunited onto the Cofar, following the convolutions 
of the decking. 
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In this detail Stron-Steei members have been substi- 
tuted for the short span joists. Stran-Steei is offered as 
a competitor of the open web joist and at any bidding 
time it should be considered as the alternate of the 
joist, depending on the prevailing prices between the 
two at the time. 
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This detail shows the Cofar decking exposed without 
the required fireproofing. Such a system would re- 
quire 0 revision of the code. This revision will be 
clearly defined on a later sheet. It can be clearly 
understood that this system would be by far the most 
economical of the group for it completely eliminates 
the cost of fireproofing the decking. 



Building Code Revisions 

i 



Throughout this report frequent mention is mode of 
the potential savings that may be achieved by re- 
vising existing Building Code requirements, these 
comments have been made by so many architects, 
engineers, technical consultants, and manufacturers 
that it would be impossible to list them all in this re- 
port. Their suggestions have ranged from complete 
I code overhauling to specific changes. A few of the 
suggested revisions that would help decrease con- 
struction costs, in steel construction in particular, are 
elaborated upon on this page. 

In considering these proposed code revisions, it must 
be remembered that the research staff does not pro- 
pose to increase the fire hazard or otherwise en- 
danger in any way the future inhabitants of any pro- 
posed building. The premise that is proposed here is 
f that the Building Code should be revised so that it will 

no longer prohibit safe economical construction. If 
the revision is made, it will result in economy of con- 
i struction achieved by bringing the criteria of the code 
I in line with present day construction standards and 
conforming to new knowledge of fire cause and pro- 
r tection. 

Uniform Code Requirements: 

' Many present requirements are based on presumption 
and incorrect data. A careful analysis will show that 
New York City has an unnecessarily stricter code than 
most other cities. One obvious example is the re- 
quired fire rating for a floor of a building unlimited 
in height. In New York City's code, the required rat- 
ing is 3 hours, while most other codes require a 
1 2 hour rating. 

\ 

> 

In order to eliminate conflicts similar to that just men- 
tioned, it seems advisable to compare the following 
standard codes: 

\ 

I 
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1 . National Building Code recommended by the 
National Board of Fire Underwriters. 

2. Uniform Building Code of the Pacific Coast Build- 
ing Officials Conference. 

3. The Southern Standard Building Code of the 
Southern Building Code Congress. 

4 . The basic code of the Building Officials Confer- 
ence of America. 



The result of this comparison should be the prepara- 
tion of a modern set of fire regulations which will 
provide a degree of fire protection consonant with 
public safety and the fire hazards involved. 



Fire-resistance based on burn-out 
and type of occupancy: 



Before rational fire protection requirements could be 
formulated, it was obvious that a study had to be 
made to determine the nature and severity of fire 
hazards that exist in the various occupancies for which 
buildings are used. An analysis of this type was con- 
ducted by the National Bureau of Standards and has 
been published in the report "BAAS-94 An Analysis of 
Fire Resistivity based on Burn-out and Type of Occu- 
pancy." The New York City Building Code should be 
examined to see where this information could be 
utilized to achieve economies. With our present 
knowledge of fire-fighting and fire-prevention, it cer- 
tainly seems that many new housing projects are 
greatly over-designed in terms of fire protection. If 
the information as presented in BMS-94 will help re- 
duce this over-design and still offer safety, it certainly 
should be utilized. It is felt by the research staff that 
acceptance of this theory and the resulting revision of 
the code would give a much more realistic approach 
to fire-rating requirements. 
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Exposed Steel Decking: 

One possible result of the acceptance of reduced fire 
ratings would be to permit the use of exposed steel 
decking. At present, expensive fireproofing is required 
under this deck in order to achieve the required fire 
rating. If this fireproofing could be eliminated and if 
all structural as well as mechanical details were care- 
fully studied, a desired economy without any unsightly 
conditions would result. Before acceptance or rejec- 
tion of this proposal is made a great deal more study 
should be given to it. 

Elimination of restriction on height 
of light steel construction: 

At present, the New York City code limits the use of 
light steel joist construction to buildings with a maxi- 
mum height of 100'-0". From all examination, this 
appears to be based upon on arbitrary decision and 
not on fact. This method of construction has been 
satisfactorily used on many multi-story buildings, in 
other cities, higher than 1 0O'-O". Since the use of light 
steel joists may lead to large cost savings, this arbi- 
trary height limitation, that would reduce the potential 
savings, should certainly be eliminated. 

Welding: 

Since the welding section of the Building Code was 
written, welding has become more of a science than 
an art. Buildings, in which welding is efficiently 
utilized, can achieve savings in steel of approximately 
1 5% to 20% if the steel is designed using the theory 
of continuity. At present this is not permitted by the 
New York City code. Due to the possible savings in- 
volved, serious consideration of this suggestion is 
recommended. 



Conclusion: 

It is recommended that the New York State Division 
of Housing become instrumental in making sugges- 
tions for Building Code revisions and in working to- 
ward those revisions. If on agency that does such a 
large volume of construction were to investigate exist- 
ing standards and make progressive (not arbitrary) 
suggestions, it is felt certain that there would be suffi- 
cient influence brought upon the legislature of the 
city to coll for a revision of our existing Building Code. 
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New York City hos ptrhopi the lorgeit cowc eft tret l ew 
of mulfi-ttory dwellings of ony iw e tro p elltae eree In 
this country. The greoteit profMTtion of thees dwell* 
ingt, which ore priverte ly finon^# hove been end ere 
still being constructed ot Xleisy* nen* f i f e p feef build* 
ings. These buildings must mointoin comp e t iti u e i tend 
oi^t with respect to Rvobility end b e ne ^ t i given te 
tenonts. As they ore built for o profit motive^ cost end 
maintenance become prime foctors. The foct thet e 
majority of these buildings ore built os n o n fo e p ree f 
has led to on investigation of this structurol sys t e m. 



In this socfion w preeenft 

1. Application of non»fi r epreof con s tr u ction to public 
housing. 

2. Review of benefits ond dr ewbo chs of nen*Rre* 
proof construction. 
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Application to Public Housing 
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There are a number of misconceptions about non- 
fireproof construction which should be rectified in 
order to allow fair evaluation of this structural sys- 
tem. The most obvious is the contorted shape most 
people associate with these buildings. This is brought 
about by an attempt on the part of a private investor 
to gain full utilization of a city lot by expanding the 
building to the outermost limitr* of the lot; and then 
cutting in deep courts and recesses, in order to give 
exterior perimeter to all rooms. When lot limitations 
cease to be a major concern, as would be the case on 
large housing projects, the simpler and more aestheti- 
cally pleasing slab shape can be readily laid out as 
part of the open site plan. A building of this type is 
illustrated in the rendering at the end of this section. 



A "Class 3" non-fireproof multiple dwelling, as built 
to conform to New York City laws, consists of wood 
joist floor construction supported on masonry bearing 
walls, or non-fireproofed steel as shown in the struc- 
tural framing plan. Partitions are wood stud con- 
struction, with plaster each side. Flooring is usu- 
ally finished wood stripping on wood underflooring, 
but could be asphalt tile on a plywood subfioor. Ceil- 
ings are plaster. Public halls are separated from 
apartments by walls and floors with a three-hour fire 
resistive rating as shown in the typical plan on this | 

page. The first tier also has a three-hour fire rating. f 

Heights are limited to six stories above the first tier, | 
requiring a twelve inch thick masonry exterior wall. I 

: C 

Experience has borne out the fact that non-fireproof | 

construction averages ten to fifteen percent lower in | 

overall costs than an equivalent fireproof structure. | 
This saving would more often approach the fifteen f 
percent differential when non-fireproof buildings are 
properly designed. A slab shape building derives | 
further economies by eliminating corners, maintain- | 
ing uniform joist dimensions between bearing walls, ! 
and minimizing the number of steel columns and gird- | 
ers. For example, the plans illustrated use a distance I 
of 1 9 '- 4 " clear between bearing walls, allowing maxi- | 
mum utilization of stock 20' joists. f 
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^re o number of misconceptions about non> 
"Vi construction which should be rectified in 
^ allow fair evaluation of this structural sys* 
. most obvious is the contorted shape most 
|associote with these buildings. This is brought 
Zj an attempt on the part of a private investor 
‘Mull utilization of a city lot by expanding the 
to the outermost limits of the lot; and then 
f.in deep courts and recesses, in order to give 
perimeter to all rooms. When lot limitations 
^ be 0 major concern, as would be the case on 
sousing projects, the simpler and more aestheti- 
^easing slab shape can be readily laid out as 
the open site plan. A building of this type is 
in the rendering at the end of this section. 
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tfornn to New York City lows, consists of wood 
0or construction supported on masonry bearing 
for non-ftreproofed steel as shown in the struc- 
Jroning plan. Partitions are wood stud con- 
0n, with plaster each side. Tlooring is usu- 
jiished wood stripping on wood underflooring, 
|uld be asphalt tile on a plywood subfloor. Ceil- 
we plaster. Public halls are separated from 
vents by walls and floors with a three-hour fire 
roting as shown in the typical plan on this 
I The first tier also has a three-hour fire rating. 

are limited to six stories above the first tier, 
|ing a twelve inch thick masonry exterior wall. 

^ence has borne out the fact that non-fireproof 
lucKon averages ten to fifteen percent lower in 
t*' costs than an equivalent fireproof structure, 
'^ving would more often approach the fifteen 
iit differential when non-fireproof buildings are 
idy designed. A slab shape building derives 
economies by eliminating corners, maintain- 
miform joist dimensions between bearing walls, 
minimizing the number of steel columns and gird- 
Jvr example, the plans illustrated use a distance 
clear between bearing walls, allowing maxi- 
lutilizotion of stock 2(Y joists. 
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\ This type of construction is also flexible enough to 

find application in almost any overall shape desired, 
as shown by the sketches of "dumbell" or 'T-shaped" 
buildings, similar in general arrangement to those 
currently being built by the New York State Division 
• of Housing. A common misconception about non-fire- 

proof buildings is that they are totally lacking in fire 
I protection. This is not so. Although the interior parti- 

’ tions and floor construction are not legally required 

to have any fire rating, by the nature of their con- 
struction they nevertheless attain very nearly a one- 
hour separation, in addition, the required three-hour 
rating at the first tier, effectively isolates the cellar, 
which has been found to be the major source of fires 
^ in multiple dwellings. Increased maintenance costs, 

commonly attributed to non-fireproof buildings, is an- 
other misconception. In actuality, the finished sur- 
faces are or can be of the same materials as now used 
I by the Division of Housing, namely, plaster partitions, 

i asphalt tile floors, brick walls. The only increase in 

i maintenance costs required would be periodic paint- 

I ing of fire escapes. 
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Benefits and Drawbacks 

The Division of Housing could certainly initiate the 
adoption of non-fireproof construction in areas where 
land values permit the use of medium-rise buildings, 
in projects where high-rise dwellings ore felt to be 
necessary, the introduction of some non-fireproof 
I medium-rise buildings should be considered, not only 
I from the point of view of cost savings, but because 
! they introduce a more human scale into on otherwise 
titanic building grouping. They also create an area 
of transition between the high-rise buildings and the 
surrounding neighborhood which usually consists of 
4- and 5-story tenements. 

The actual drawbacks of non-fireproof buildings ore 
not os serious os they are annoying. The first and 
most prominent is the necessity of placing fire escapes 
on the exteriors. These ore os a rule adverse visual 
elements, deterrents to privacy, and temptations to 
burglars. Another drawback is the problem of ver- 
min, since both floor and partition construction ore 
hollow. The increased cost of insurance os compared 
to fireproof construction (15 cents per hundred dollars 
vs. 5 cents per hundred dollars) is a further disad- 
vantage. 

These drawbacks con, to a greater or lesser degree, 
be alleviated. The fire escapes can be designed as an 
aesthetic accent to an otherwise drab facade. They 
can, for example, be used to good advantage to 
introduce color into the design. The use of new mate- 
rials in balcony construction along with new thinking 
in fire-escape design could easily result in an attrac- 
tive, pleasing element, at very little increase in cost. 
Some of these ideas are shown in the rendering at 
right. Judicious placing of fire-escape balconies at 
windows that can be kept locked and curtained when 
desired (at one of two windows in a room) would 
eliminate the problems of privacy and theft. The most 
serious problem, and the most difficult to control, is 
the problem of vermin. Pest control, unfortunately, 
cannot be built into this type of building, but proper 
housekeeping, and a reasonable pest-control pro- 
gram will to all intents and purposes eliminate this 
difficulty. The increased insurance cost is insignificant 
compared to the large savings in construction costs, 
especially if both are amortized over a fifty-year 
period. 






I t 
1 ) 





4 

P 







S 

K 














matatUM 



f 

.V 

r 

I 








V 

4 



Visually the predominant element of a New York City 
public housing project is the exterior wall; the tall thin 
buildings with their small windows appear to be al- 
most entirely wall. It seemed reasonable to give spe- 
cial attention to the possibility of reducing the cost of 
this important element. 

It soon became apparent that a complete analysis of 
wall costs would have to take into account more than 
just the construction cost of the wall. Such additional 
factors as the heat loss through the wall, the thickness 
of the wall, and the long-term maintenance and 
operating costs would have to be considered. 



The present standard wall of the New York State 
Division of Housing consists of four inches of common 
brick, backed up by six inches of cinder block, furred 
and plastered. This wall is low in first cost and low in 
maintenance cost; on the other hand it is bulky, and 
it is poor insulation and thus high in operating 
(heating) costs. 



Of some forty wall assemblies considered, twelve 
were selected for detailed analysis in comparison with 
the standard wall. 
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For each of the twelve examples a tabulation of the 
materials used, their thickness, cost, and thermal re- 
sistance is presented and the results are compared 
with the standard wall. Of the twelve examples, 
seven are masonry and five are prefabricated panel 
walls of one type or another. Of the masonry walls, 
three are solid — essentially variations of the stand- 
ard wall — and four are cavity walls. Of the five 
prefabricated walls, one is of concrete and the other 
four are metal panels. All but one of the twelve walls 
are capable of meeting the New York City building 
code requirement for a two-hour fire rating. 



In the second part of the Chapter, the effect of the 
thermal transmission value of the wall upon the over- 
all cost picture, is analyzed in some detail. Studies of 
the economies of insulation have usually been con- 
fined to the question of the number of years of fuel 
savings required to amortize the cost of the insulation. 
Savings due to a reduction in the size of the heating 
plant, made possible by the addition of insulation to 
the wall, have generally been ignored. It was felt by 
the research staff that this was an important cost 
factor which should not be neglected, and it was 
therefore included in the present analysis. Since there 
is little precedent for this type of study, the methods 
used as well as the calculations are given in full. 

The method, in brief, involves the translation of the 
heating plant cost into cost per square foot of wall, 
and adding this cost to the construction cost of the 
wall. Thus a direct cost comparison can be made be- 
tween a low cost, high heat loss wall (such as the 
standard wall) and a higher cost, low heat loss wall. 

For the heating cost studies four walls were selected 
from the twelve previously analyzed. They included 
two masonry walls — one solid and one cavity — and 
two prefabricated walls — one concrete and one 
metal. These four examples are compared, of course, 
with the standard wall. 



Since the window is also part of the exterior wall, 
and the part where the largest heat loss occurs, it was 
necessary to include it in the heat cost study. The 
economic possibilities of insulating the windows, as 
well as the walls, was analyzed. 
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THE EXTERIOR WALL 
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This section will consider the exterior wall with two 
objectives: first, a look at various exterior wall com- 
ponents presently being used to arrive at a thin, well 
constructed, easily and quickly erected wall, having 
required fire rating, and equal to or below present 
costs; second, an examination of the ways and means 
of insulating the present standard wall (or a modified 
version of it) with available insulating materials in 
order to reduce the size of the heating plant and the 
quantity of fuel required for heating the buildings. 



On New York City public housing work, the reinforced 
concrete frame is enclosed with a heavy brick and 
block wall. The main virtue of this wall is that it can 
be laid up very economically under favorable weath- 
er conditions to produce a serviceable enclosure re- 
quiring little maintenance. This exterior wall: 
Absorbs moisture; leaks 
Imposes heavy load on structure 
Takes up critical floor area 
Has limited texture and color variation 
Is poor insulation 

Uses excessive window and door trim 

Requires scaffolding to erect 

Presents storage and transportation problems 

Defeats possible prefabrication 

Can be installed only in good weather 



A wall system replacing the present "standard" must 
be an acceptable substitute which would not only 
correct all or most of the problems noted, but should, 
in addition, meet following basic aims: 



1. Fire rating — two hours 

head to sill above, 
vertical distance 3 feet 

2. Wind loads — 30-40 PSF; 

air tight - water tight. 

3. Purchase — No proprietory items 

adequate supplies 

4. Erection — Easy shop fabrication 

Easy field assembly 
Adjustable attachment 
Structurally sound 

5. Insulation — U-value of O.IOtoO.15 Btu, 

using available materials 
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With this introduction to the exterior envelope of 
public housing we present on the following pages: 
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TYPICAL PUBLIC HOUSING WALL 
TOTAL WIDTH: MW' 

U-VALUE: 0.241 

COST IN PLACE: $2.63 
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1 . A review of twelve exterior walls. 

These exterior walls were selected by the research 
staff from forty walls studied. They are all com- 
pared with the "Standard'' (S) wall at right. Two 
groups of walls are investigated: walls of mason- 
ry components (Nos. 1 to 7), and panel-type ex- 
terior walls (Nos. 8 to 12). Each is detailed 
horizontally and vertically as applied to a typical 
New York State Division of Housing structure. Each 
assumes standard flashing, jointing details and 
window installations and is erected using familiar 
building techniques. Cost of lintels, anchors, girts, 
clips, bracing, etc., is prorated over total wall. 
Percentage comparison of cost, U-value and thick- 
ness are noted on section followed by a brief 
comment about each wall. 



2. Itemized chart of twelve exterior walls. 



3* Comparative chart of twelve exterior walls. 



4 * Discussion and detail of two prefabricated wails 
(No. 8 and No. 10). 



5. Insulation methods for the exterior wall. 

With a review of the exterior wall c«' .'npleted, 
attention is directed to ways and means of insulat- 
ing the exterior wall. In this portion of the study 
the following standards apply: 



a. Unit prices 

volume prices. New York City area, March 
(averaged from four price consultants). 

b. Thermal resistance 

HVAC guide (1957) or from manufacturer's 

c. Fenestration 

infiltration is calculated; window areas 
taken off project drawings. 

d. Wall faces 

l/fo - outside, 15 MPH = .17 
l/fi - inside, still =.61 

e. Project data 

from complete set of project drawings and 
specifications furnished by New York Stat 
Division of Housing. 
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THE EXTERIOR WALL 
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New York State Division of Housing 
modified wall: 

"Standard" wall reduced in size by use of 4" backup 
block in lieu of present 6" block — strength of wall 
adequate — area gained added to usable floor space 
— a cheaper wall (even with applied mastic coating 
inside) — a colder wall: but higher U-volue easily 
offset by more than adequate safety factors presently 
applied to total heat loss calculations — no attempt is 
made to get a warmer wall, but simply a thinner wall 
resulting in immediate gain in floor space or in re- 
duction of the total constructed floor area. 



12 EXTERIOR WALLS 
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A Review of Twelve Exterior Walls | 
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4 Wall materials 


Cost-per SF 


R 1 


Outside surface 




— 


0.17 1 


4" common brick 




$1.41 


0.80 1 


4" cinder concrete block 


.60 


1.00 1 


channels & metal lath 3.4# .21 


0.91 1 


^>4" plaster (3 coats) 


.28 


0.23 V 


3 coats paint (oil base) 


.07 




Inside surface 




— 


0.61 I 






$2.57 


3.72 1 






U = 0.268 1 


% of base: cost= 


= 97.7; U-value = 111 .2; thickness = 


80.3 1 

'1 


R Cost-per SF 


Wal! materials 


i 


0.17 


— 


Outside surface 


% 


0.80 


$1.41 


4" common brick 


\ 


— 


.10 


Va" cement mortar 


f 


4.00 


.17 


1" Styrofoam 




— 


.05 


Tie clips 


? 


1.00 


.60 


4" cinder concrete block 




0.91 


.21 


%" channels & metal lath 3.4^^ 


0.23 


.28 


Va" plaster (3 coats) 


y 


— 


.07 


3 coats paint (oil base) 


1 


0.61 


— 


Inside surface 




7.72 


$2.89 




I 


U=0.129 


.03 


Large lintel angles prorated f 




$2.92 




i 


% of base: cost = 111.0; 


U-value = 53.5; thickness 


=90. ' 
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‘Styrofoam is The Dow C*^ 
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A Review of Twelve Exterior Walls 



I 
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111 materials 


Cost-per SF 


R 


^de surface 


— 


0.17 


tommon brick 


$1.41 


0.80 


:inder concrete block 


.60 


1.00 


channels & metal lath 3.4# 


.21 


0.91 


blaster (3 coats) 


.28 


0.23 


aiofs paint (oil base) 


.07 


— 


■*e surface 


— 


0.61 


£ 


$2.57 


3.72 



New York State Division of Housing 
Insulated Wall: 

A modified "standard" wall with 1" polystyrene rigid 
foam (Styrofoam*) added between brick and block. 
Brick and backup tied with wall clips. Insulation 
applied directly behind brick to cover both backup 
matericil ('infill' pone!) and structural frame for maxi- 
mum insulation with resulting savings in heat plant 
and fuel costs — this wall used as basic wall in heat- 
ing study in this section (see "Insulation methods for 
the exterior wall"). Use of an extra inch of Styrofoam 
would permit direct plastering to backup block. This 
modification is also used in the heating study. 



I U=0.268 

tpf base: cost = 97.7; U-value = 1 1 1 .2; thickness = 80.3 



I 



1 K 


Cost-per SF 


Wall materials ^ 


1 0-17 


— 


Outside surface 


f 0.80 


$1.41 


4" common brick 




.10 


14" cement mortar 


1 4.00 


.17 


1 " Styrofoam 


* 


.05 


Tie clips 


1.00 


.60 


4" cinder concrete block 


1 0.91 
1 0.23 


.21 


channels & metal lath 3.4# 


.28 


plaster (3 coats) 


1 — 


.07 


3 coats paint (oil base) 


1 0.61 


— 


Inside surface 


1 7.72 
■1=0.129 


$2.89 

.03 


Large lintel angles prorated 


^ of base: 


$2.92 

cost=111.0; 


U-value = 53.5; thickness =90.1 
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*Styrofoam i$ The Dow Chemical Company's registered trademark for its extruded expanded polystyrene. 
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^^SCR" Brick Wall: 

This wall utilizes 2 currently available building units: 
Structural Clay Products brick — 2" x 5^2" x 1 1 V 2 " and 
cement-wood fiber block — 3" x 1 8Vi" x 32" to pro- 
duce a wall quickly erected with resulting savings in 
construction time — gap permits direct plastering and 
allows use of Styrofoam insulation between "SCR" 
brick and structural frame if desired — a thin mason- 
ry wall (when properly reinforced) providing an ex- 
terior wall consistent with present code standards and 
thin enough (25% less) to give substantial savings 
both in constructed floor space and reduced metal 
window frames. 
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R 


Cost-per SF 


Wall materials 


0.17 


— 


Outside surface 


0.80 


$1.41 


4" common brick 


0.91 


.08 


Clip anchors 


6.69 


.39 


3" cement-wood fiber block 


0.23 


.22 


V 2 " plaster (2 coats) 


— 


.07 


3 coats paint (oil base) 


0.61 


— 


Inside surface 



9.41 

U = 0.106 
% of base: 



$2.17 

cost = 82.5; U-value=43.9; thickness =74.5 



[Wall materials 


Cost-per SF 


R 


i 

} 


Outside surface 


~ 


0.17 


6" "SCR" brick 


$1.84 


0.68 




14" bituminous mastic coat 


.14 


— 




Special 'SCR' clips 


.08 


— 




3" cement-wood fiber block 


.39 


6.69 




16" plaster (2 coats) 


.22 


0.23 


'i 


3 coats paint (oil base) 


.07 


— 




Inside surface 


— 


0.61 


\ 

it 




$2.74 


8.38 


1 

1 


Add. angles prorated per SF 


.03 U = 

$2.77 


0.119 


% of base: cost =105.3; U-value 


= 49.3; thickness = 


=74.5 
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Cost-per SF 


Wall materials 


> 

f 




Outside surface 




$1.41 


4" common brick 


4 


.08 


Clip anchors 




.39 


3" cement-wood fiber block 


A: 


.22 


Vi" plaster (2 coats) 




.07 


3 coats paint (oil base) 


% 


— 


Inside surface 



I $2.17 

d 

fe; cost =82.5; U-value = 43.9; thickness =74.5 
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irlals 


Cost-per SF 


R 


"fce 


_ 


0.17 


:k 


$1.84 


0.68 


mcstlc coat 


.14 


— 


# clips 


.08 


— 


9od fiber block 


.39 


6.69 


. coats) 


.22 


0.23 


^ (oil base) 


.07 


— 


%■ 


— 


0.61 


V 


$2.74 


8.38 


^Worated per SF 


.03 U = 


0.119 


c^ost= 105.3; U-value 


$2.77 

=49.3; thickness = 


= 74.5 
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Cavity Wall No» 1: 

The cheapest masonry wall investigated — could im- 
mediately replace present New York State Division 
of Housing wall with 17.5% less erected cost — plus 
added benefits derived from excellent U-value 
(56.1% reduction) and reduced width (25.5% re- 
duction) same as "SCR" brick wall. If properly erect- 
ed and adequately tied to backup and structural 
frame gives thin exterior masonry wall for public 
housing work. Only major shortcoming is inability to 
cover entire exterior (structural frame as well as "in- 
fill" panels) with full insulating property of wall. 
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12 EXTERIOR WALLS 
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Cavity Wall No. 2 : 

Insulated cavity wall requiring but slight revision of 
lintels of present wall to give masonry wall equal in 
cost to "standard" (see first page of this section) but 
with reduction of 62.7% of present U (highest of 
basic wall types) — complete insulating benefits of 
this wall dependent upon very careful application of 
loose insulation in entire cavity (close supervision — 
thus not fully endorsed) — but since low U-value is 
possible for entire area of exterior wall, this wall and 
the following should be given careful evaluation un- 
der actual field tests. 



THE EXTERIOR WALL 



^Wall materials 


Cost-per SF 


R 




Outside surface 


— 


0.17 


1 


4" common brick 


$1.41 


0.80 




Wall ties 


.06 


— 




2" poured insulating fill 


.23 


8.30 


il' 

f 


4" cinder concrete block 


.60 


1.00 




V 2 " plaster (2 coats) 


.22 


0.23 




3 coats paint (oil base) 


.07 


— 


? 


Inside surface 


— 


0.61 


> 




$ 2.59 


11.11 


1 


Add. angles prorated per SF 


.03 


U =0.090 


\ 




$2.62 




t 


% of base: cost =99.9; U-value 


=37.3; thickness 


=82.3 





R 


Cost-per SF 


Wall materials 


0.17 


— 


Outside surface 


0.80 


$1.41 


4" common brick 


— 


.06 


Wall ties 


8.30 


.23 


2" poured insulating fill 


1.00 


.60 


4" cinder concrete block 


— 


.10 


Clean and point joints 


— 


.14 


2 coats latex paint 


0.61 


— 


Inside surface 



I 



10.88 
U = 0.092 



$2.54 

.03 

$2.57 



Add. angles prorated per SF 



% of base: cost = 97.7; U-value = 38.5; thickness— 78.5 
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materials 


Cost-per SF 


R 


Ide surface 


— 


0.17 


Smmon brick 


$1.41 


0.80 


]lies 


.06 


— 


pured insulating fill 


.23 


8.30 


[ider concrete block 


.60 


1.00 


“laster (2 coats) 


.22 


0.23 


Jits paint (oil base) 


.07 


— 


je surface 


— 


0.61 



angles prorated per SF 



$2.59 

.03 

$2.62 



11.11 
U= 0.090 



•f base: cost=99.9; U-value=37.3; thickness = 82.3 



R 

f 0.17 


Cost-per SF 


Wall materials ^ 


— 


Outside surface 


i 0.80 


$1.41 


4" common brick 




.06 


Wall ties 


1 8.30 


.23 


2" poured insulating fill 


1 1.00 


.60 


4" cinder concrete block 


C 


.10 


Clean and point joints 


1 


.14 


2 coats latex paint 


1 0.61 


— 


inside surface 


<10.88 


$2.54 




^1 =0.092 


.03 


Add. angles prorated per SF 


1 


$2.57 




V 

^ of base: 

% 


cost =97.7; 


U-value = 38.5; thickness =78.5 
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Cavity Wall No. 3: 

Second insulated cavity wall, equal to or less than 
present masonry wall costs — low erected cost based 
upon omission of plaster finish on interior wall: setting 
off additional cost of pointing joints (requiring toler- 
ance of "cinder block look") against cost of piaster — 
latex paint used for interior surface. A masonry wall 
with a low U-value representing immediate and future 
savings in heat costs. Cavity walls 2 and 3 have addi- 
tional cost of large lintels prorated over entire ex- 
terior wall. 
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Cavity Wall No. 4: 

Two suggested alternate details (see itemized chart — 
this section) give this "cavity" wall (cavity filled with 
2" Sfyrofoam) an amazing flexibility in use of com- 
monly available building materials with resulting 
wide range in erected costs: $2.29-$2.82 and low 
U-values. Alternate details using exposed cinder 
block (painted with prime and top coats of epoxy 
paint and/or unpainted) strongly urged on trial basis 
because of low cost: $2.29 and U-value: 0.061 — 
this construction detail possible because of very low 
water absorption of Styrofoam. 
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R Cost-per SF 


Wall materials 


►1 


0.17 — 


Outside surface 






0.13 — 


1 V 2 " dense cone, (broom fin.) 




8.00 $2.60 


2" Styrofoam 






0.13 — 


11^" dense cone, (rough fin.) 


■H 

V' 


0.91 .21 


channels & metal lath 3.4# 




0.23 .28 


plaster (3 coats) 




f- 

1 


— .07 


3 coats paint (oil base) 




% 

f 


0.61 — 


Inside surface 




f 


10.97 $3.16 






1 


U =0.091 








% of base: cost =120.1; U-value =38.4; thickness 


=56.8 


i 
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4 Wall materials 


Cost-per SF 


R 




Outside surface 


— 


0.17 




4" common brick 


$1.41 


0.80 




14" cement mortar 


.10 






2" Styrofoam 


.34 


8.00 


h- 

4 


Anchor clips 


.05 


— 


1* 


4" cinder concrete block 


.60 


1.00 


is 


V 2 " plaster (2 coats) 


.22 


0.23 




3 coats paint (oil base) 


.07 


— 


1 


Inside surface 


— 


0.61 






2.79 


10.81 




Add. angles prorated per SF 


.03 U = 


=0.092 


1 




$2.82 




t 

T 


% of base: cost= 107.2; U-value = 38.5; thickness= 


^85.1 
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st-per SF 


Wall materials ^ 




Outside surface 


— 


1 Vj" dense cone, (broom fin.) 


$2.60 


2" Styrofoam 


— 


1 W dense cone, (rough fin.) 


.21 


channels & metal lath 3.4# 


.28 


plaster (3 coats) 


.07 


3 coats paint (oil base) 




Inside surface 



$3.16 



i cost= 120.1 

V :- 

•1 

■1 


; U-value=38.4; thickness 


= 56.8 


1 

Trials 


Cost-per SF 


R 


ace 


— 


0.17 


arick 


$1.41 


0.80 


lortar 


.10 


— 




.34 


8.00 


< 


.05 


— 


ficrete block 


.60 


1.00 


i! coats) 


.22 


0.23 


^ (oil base) 


.07 


— 




— 


0.61 


i 


2.79 


10.81 


1 prorated per SF .03 U = 


=0.092 


i cost= 1 07.2; 


$2.82 

U-value = 38.5; thickness = 


=85.1 
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Panel Wali No. 1: 

Precast, concrete, "panel-type" wall system success- 
fully tested and used in many commercial structures — 
this wall system shown in detail (see details — this 
section) because investigation has shown it to be most 
versatile of panel walls studied: permitting pre- 
formed window openings, fast and easy erection, 
ease of combined erection with present standard wall 
(and/or other panel systems) to achieve a varied wall 
texture — suggested omission of plastering makes 
this wall about equal in cost to present wall. 
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12 EXTERIOR WALLS 
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Panel Wall No. 2: 

A low-cost, fully-fi rep roof panel-wall system presently 
under experimental study — only pa'nel wall studied 
where use of exterior stainless steel facing (resulting 
in negligible upkeep) was found to be acceptable 
cost wise — omission of furring channels (see Itemized 
chart — this section) while raising U-value (still a low 
0.123) places this wall on structural frame for about 
the same cost as present "standard" masonry wall, 
with resulting heat plant savings and with greatest 
(51 %) reduction of wall size. 



12 EXTERIOR WALLS 
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f 

R i 


Outside surface 




0.1 7| 


Stainless steel-ribbed — 28 GA. 






Type 430- #2 fin-.45 lab. & .45 mat, 


. $ .90 


— _ 


Wire mesh welded to S.S. 


.08 




Vermiculaite conc.-l:6 mix-30 PCF 


.62 


6.15 


Wire mesh-clips to outside mesh 


.10 




channels & metal 3.4# 


.21 


0.91 1 


plaster (3 coats) 


.28 


0.23 1 


3 coats paint (oil base) 


.07 


_ ^ 


Inside surface 


— 


0.61 1 




$2.26 


8.071 


Erection — prorated per SF 


.50 U 


=0.12 




$2.76 




% of base: cost =104.9; U-value 


= 51.0; thickness = 


=49.0" 
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R 


Cost-per SF 


Wall materials 


0.17 


— 


Outside surface ' 


— 


$ .50 


20 ga. steel — vinyl coated & rifc. 


0.70 


.38 


2 V 2 " gypsum boards — cement<‘ 
Center steel splines & | 


0.70 


.12 


edging channels — prorated | 


.38 


2 V 2 " gypsum boards cemented? 


— 


.45 


18 ga. metallic coated steel 1 


5.55 


.10 


1 Vz" batt insulation 'j, 


0.91 


.21 


channels & metal lath 3.4# f 


0.23 


.28 


plaster (3 coats) | 


— 


.07 


3 coats paint (oil base) f 


0.61 


— 


inside surface | 


8.87 


$2.49 


3: 

1 


U=0.112 


.40 

$2.89 


Erection — prorated per SF ^ 

f 


% of base: 


cost = 1 09.8; 


U-value=46.4; thickness = 58.8 1 
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iVall materials 


Cost-per SF 


R 


Outside surface 


— 


0.17 


Stainless steel-ribbed — 28 GA. 






^■ype 430- #2 fin-.45 lab. & .45 mat, 


. $ .90 




^^ire mesh welded to S.S. 


.08 


— 


. 'emiiculaite conc.-l :6 nnix-30 PCF 


.62 


6.15 


Aire mesh-clips to outside mesh 


.10 


— 


channels & metal 3.4# 


.21 


0.91 


fA" plaster (3 coats) 


.28 


0.23 


coats paint (oil base) 


.07 


— 


[inside surface 


— 


0.61 




$2.26 


8.07 


Erection — prorated per SF 

i 


.50 


U=0.123 



$2.76 



^0 of base: cost = 1 04.9; U-value = 5 1 .0; thickness = 49.0 



Y 



i 

V 


It 


Cost-per SF 


Wall materials ^ 


h 


0.1 7 


— 


Outside surface 




— ■ 


$ .50 


20 ga. steel — vinyl coated & ribbed 


V 

4 

i 


0.70 


.38 


2’4s" gypsum boards — cemented 
Center steel splines & 


1 


— • 


.12 


edging channels — prorated 


i 

V 


0.70 


.38 


2’4s" gypsum boards cemented 


1 


— • 


.45 


18 ga. metallic coated steel 


ti- 


5.55 


.10 


1 V 2 " batt insulation 


i 

1 


0.91 


.21 


%" channels & metal lath 3.4# 


0.23 


.28 


%" plaster (3 coats) 




— • 


.07 


3 coats paint (oil base) 




0.61 


— 


Inside surface 


1 


8.87 


$2.49 




> 

f 


=0.112 


.40 

$2.89 


Erection — prorated per SF 



of base: cost = 109.8; U-value =46.4; thickness=58.8 
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Panel Wall No. 3t 

Panel-wall system completely assembled from cur- 
rently available building products with an approved 
2-hour fire rating and already erected as an unin- 
sulated version and in use in New York City. Possible 
omission of plastering (combined, in this case, with a 
tolerance of ''metallic factory look") and substitution 
of painted metal interior surface permits immediate 
erection of this exterior panel wall with an 8% re- 
duction of "in-place" costs — this wall system also 
shown in detail (see details — this section). 
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Panel Wall No. 4: 

Lightest panel-type wall system considered for public 
housing — easily and quickly erected without scaf- 
folding, fireproofing backup applied from inside after 
exterior "skin" (with attached Styrofoam backup) is 
securely anchored. This economical wall system (ad- 
mittingly to be used on exterior wall above accessible 
1st and 2nd floor level) again permits easy combina- 
tion with other panel systems and possible cost saving 
integration with completely preassembled window 
units. 




R 


Cost-per SF 


Wall materials 


0.17 


— 


Outside surface 


— 


$ .45 


24 ga. steel — vinyl coated 


0.91 


.15 


1" horizontal channels 
(tacked to steel) 


— 


.12 


1" vertical channels 


— 


.15 


Spec, clips & anchors 


6.69 


.39 


3" cement-wood fiber block 


0.23 


.22 


Vi" plaster (2 coats) 


— 


.07 


3 coats paint (oil base) 


0.61 


— 


Inside surface 


8.51 


$1.55 




U = 0.112 


.08 


4" curb prorated per SF 




.25 

$1.88 


Erection — prorat^ per SF 



% of base: cost =96.5; U-value = 59.7; thickness = 56.8 



4Wall materials 

Outside surface 
Alum, siding (ribbed) — .032" 
1" horizontal channels 
(tacked to alum.) 

1" Styrofoam 
Mastic coating inside 
%" vertical channels 
Spec, clips and fasteners 
4" cinder concrete block 
W‘ plaster (2 coats) 

3 coats paint (oil base) 

Inside surface 

Erection — prorated per SF 



Cost-per SF 


R 


— 


0.17 


$ .73 


— 


.15 




.17 


4.00 


.08 


— 


.12 


0.91 


.15 


— 


.60 


1.00 


.22 


0.23 


.07 


— 


— 


0.61 


$2.29 


6.92 


.25 


U=0.14i 


$2.54 





% of base: cost=71.4; U-value=46.4; thickness =54.9 
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'^st>per SF 


Wall materials P 


— 


Outside surface 


$ .45 


24 ga. steel — vinyl coated-ribbed 


.15 


1 " horizontal channels 


.12 


(tacked to steel) 
1 " vertical channels 


.15 


Spec, clips & anchors 


.39 


3" cement-wood fiber block 


.22 


Vs" plaster (2 coats) 


.07 


3 coats paint (oil base) 


— 


Inside surface 


$1 .55 
.08 


4" curb prorated per SF 


.25 


Erection — prorated per SF 



$ 1.88 

cost=96.£; U-vdue = 59«7; thickness = 56.8 



’■ols Cost-per SF R 



ice 


— 


0.17 


(ribbed) - .032" 
channels 


$ .73 


— i— 


to alum.) 


.15 


— 


.17 


4.00 


g inside 


.08 


— 


:honnels 


.12 


0.91 


d fasteners 


.15 


— 


Crete block 


.60 


1.00 


i coats) 


.22 


0.23 


! (oil base) 


.07 


— 


e 


— 


0.61 




$2.29 


6.92 


irorated per SF 


.25 U 

$2.54 


=0.144 


cost =71.4; U-value 


=46.4; thickness = 


54.9 
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Pane! Wall No. 5: 

A non-fireproof panel-wall considered useful for fur- 
ther study — easily and economically erected (with- 
out scaffolding) in non-fireproof areas such as open 
corridors or combined with new construction tech- 
niques (see lift-slab section) which would provide re- 
quired fireproofing as part of frame (slab cantilevered 
out beyond exterior wall); removing need for 2-hour 
fire rating and permitting use of a light-weight, in- 
sulated curtain wall erected between concrete slabs. 



12 EXTERIOR WALLS 
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1 WALL NUMBER 


© 

WALL TYPE 


COST PER SO. FT. 
(SOLID WALL)@ 


% ABOVE OR 
BELOW BASE 
WALL COST 


U-VALUE 


% REDUCTION 
OF U-VALUE 
OF 'S" WALL 


SIZE OF WALL 


% REDUCTION 
OF THICKNESS 


© 

SUGGESTED ALTERNATES 


REVISED COST 
AS PER ALT. 


It 

ii 

1' 

■ 

If 

1 

f 

H 

9 


1 

li' 


N.Y.S.D.H. 'STANDARD' 


$2.63 


— 


0.241 


©■ 


123y4" 


© 




— ■ 


/ 

J? 

T 


I 1 

1 


N.Y.S.D.H. 'STANDARD' 
MODIFIED 


2.57 


- 2.3 


0.268 


© 


ioy4" 


20 


ADD ONE COAT ASPHALTIC 
/AASTICAT.05PERSQ.FT. 
(INSIDE FACE OF BLOCK) 


$2.62 


% 

} 

?*■ 

J; 


1 2 

1 ^ 

V*" 

4' 


N.Y.S.D.H. 'STANDARD' 
INSULATED 


2.92 


+ 11.0 


0.129 


47 


11%" 


10 


OMIT 3/4" CHANNELS AND 
LATH AND 3/4" PLASTER; 
ADD ONE EXTRA INCH OF 
RIGID FOAM & %" PLASTER 


2.83 


'A 

! 

;'4 

't 


1 3 

■fc- 

t. 

t 


'SCR' BRICK ^ 

© 


2.77 


+ 5.3 


0.119 


50 


9%" 


26 


ADD RIGID INSULATION 
ON STRUCTURAL FRAME- 
COLUMNS AND BEAMS; ^ 

PRORATED PER SQ. FT. vD 


2.82 


1 

\ 

1 


I " 

f — 


CAVltY WALL NO. 1— 
NO INSULATION 


2.17 


-17.5 


0.106 


56 


9%" 


26 




— 


1 


i 5 


CAVITY WALL NO. 2— 
LOOSE INSULATION 


2.62 


- 0.1 


0.090 


63 


lOVa" 


18 




— 


'1 

i 


1 " 


CAVITY WALL NO. 3— 
LOOSE INSULATION 


2.57 


- 2.3 


0.092 


62 


10" 


22 




— 


It- 

'■% 

'A 

A 


1 7 

1 ® 

i 

A 


CAVITY WALL NO. 4— 
RIGID INSULATION 0 


2.82 


+ 7.2 


0.092 


62 


lOS/4 


15 


ALT. 1 -OMIT 4" BLOCK AND ® 
ADD 3" CEMENT-WOOD FIBER^ 

ALT. 2-OMIT 4" BLOCK AND ^ 
ADD 4" CINDER BLOCK (JD 


2.61 j 

2.29! 
1 


II 

\i 

li 


f " 

I ® 


PANEL WALL NO. l-p^ 
PRECAST CONCRETEV!?; 


3.16 


+20.1 


0.091 


62 


r>h" 


43 


OMIT PLASTER AND ADD .10 
FOR SMOOTH INSIDE FINISH 


2.77" 

li 




u 


PANEL WALL NO. 2— 
STAINLESS STEEL 
AND CONCRETE ^ 


2.76 


+ 4.9 


0.123 


49 


614" 


51 


SUBSTITUTE PAPER-BACKED 
WIRE MESH FOR 34" CHAN., 
SUBSTITUTE V2" PLASTER 
FOR 34" PLASTER 


2.64 1 

i 


Ih 

1 

\. 

1- 

■ 


1 10 

4) 

1 

1 


PANEL WALL NO. 3— 
STAINLESS STEEL; ^ 
GYPSUM BOARDS Qf) 


2.89 


+ 9.8 


0.112 


54 


7V2" 


42 


ALT. 1 -OMIT ALL PLASTER; 
AND PAINT STEEL FACING 

ALT. 2-SUBSTITUTE ALUM. 
SIDING FOR COATED STEEL 


2 40; 

1 

3.17 


1 11 

1 

'A 


PANEL WALL NO. 4— 
ALUM. & BLOCK 


2.54 


- 3.5 


0.144 


40 


714" 


43 




— 


1 12 

fc.- 


PANEL WALL NO. 5— 
STEEL & BLOCK @ 


1.88 


-28.6 


0.112 


54 


7" 


45 


SUBSTITUTE ALUM. SIDING 
FOR VINYL-COATED STEEL 


2.14 



i 



C INDICATES WALL TYPES STUDIED IN NEXT SECTION; GRAPHIC COMPARISON OF COST (COL. 3), U-VALUE (COL. 5), Sl>^ 

ITEMIZED CHART I 
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% 



i 

1 

? 

r 

f 


u. 

0 

lU 

N 

CO 


% REDUCTION 
OF THICKNESS 


0 

SUGGESTED ALTERNATES 


REVISED COST 
AS PER ALT. (g) 


© 

Ul 

CO 

— eo > 
I eo 
U UJ 1 - 

~ 0 CO 

izo 

> 3 U 


OR WHICH IS 
OVER BASE 
COST BY: @ 


REVISED 

U-VALUE 


REMARKS 


WALL NUMBER 


.V’ 


1234" 


© 




— 


— 


— 


— 


USED AS STANDARD IN 
COMPARISON OF 12 WALLS 




*>• 


10’4" 


20 


ADD ONE COAT ASPHALTIC 


$2.62 


$ .01 


•mm 


- - 


STANDARD WALL MODIFIED 


1 


•3'» 






AAASTICAT.05PERSQ.FT. 










ONLY TO REDUCE WEIGHT 




1? 






(INSIDE FACE OF BLOCK) 










AND THICKNESS 




>r. 

^■r 


IV/ 2 " 


10 


OMIT 34" CHANNELS AND 


2.83 




$ .20 


0.092 


STANDARD WALL INSULAT- 


2 


% 






LATH AND 3^" PLASTER; 










ED WITH 1 "& 2" FOAM; 




.V . 






ADD ONE EXTRA INCH OF 










USED IN HEAT LOAD 










RIGID FOAM & 3 / 2 " PLASTER 










STUDY IN NEXT SECTION 






9J4" 


26 


ADD RIGID INSULATION 


2.82 




.19 


mm 


VERY FAST WALL TO ERECT, 


3 


V;* 

i^-- 






ON STRUCTURAL FRAME- 










GOOD OVERALL STRENGTH; 




1 






COLUMNS AND BEAMS; ^ 










THINNEST MASONRY WALL 










PRORATED PER SQ. FT. (JL) 














<3k 

« 


954" 


26 




— * 




•MM 


MM 


INEXPENSIVE, THIN, WELL 


4 


















INSULATED MASONRY WALL 




r 

1 


10^2" 


18 




— 


— 




mm 


EQUAL IN COST TO 'S' WALL; 


5 


















LOOSE FILL A PROBLEM 




1 


10" 


22 




— 




•». 


•Mi 


EXPOSED CINDER BLOCK 


6 


















INSIDE REDUCES COST 




■£f ' 


103y4" 


15 


ALT. 1-OMlT 4" BLOCK AND ® 


2.61 


.01 


MM» 


0.061 


'CAVITY' FILLED WITH FOAM; 


7 


K 

%■ 






ADD 3" CEMENT-WOOD FIBER 










HAS LOWEST U-VALUES; 










ALT. 2-OMIT 4" BLOCK AND ^ 


2.29 


.34 


_ 


0.090 


ALT. 2 IS INEXPENSIVE 




■<" 

'C 






ADD 4" CINDER BLOCK Qy 










BEST INSULATED WALL 




k' 


754" 


43 


OMITPLASTER AND ADD .10 


2.77 


.14 


MPM 


0.101 


ADDITIONAL DETAILS 


8 








FOR SMOOTH INSIDE FINISH 










SHOWN IN THIS SECTION 




* 


654" 


51 


SUBSTITUTE PAPER-BACKED 


2.64 


.01 


MPM 


0.139 


WITH PAINTED PLASTER 


9 


I 






WIRE MESH FOR ®4" CHAN., 










EQUALS PRESENT COST; 




-S 






SUBSTITUTE 3 / 2 " PLASTER 










U-VALUE REDUCED 43%; 




{»•>, 






FOR 34 " PLASTER 










JOINTS NEED STUDY 






754" 


42 


ALT. 1-OMIT ALL PLASTER; 


2.40 


.23 




0.123 


ADDITIONAL DETAILS 


10 








AND PAINT STEEL FACING 










SHOWN IN THIS SECTION 




% 

aH 






ALT. 2-SUBSTITUTE ALUM. 


3.17 




.54 


•Mi 






1 






SIDING FOR COATED STEEL 
















754" 


43 






— 




•MM 


INEXPENSIVE PANEL TYPE; 


11 


1 
















EASILY PREFABRICATED 






7" 


45 


SUBSTITUTE ALUM. SIDING 


2.14 


.49 




MM. 


USE OF VINYL-COATED 


12 


i 






FOR VINYL-COATED STEEL 










STEELS NO LONGER 




"5^ 
















EXPERIMENTAL 





COA^PARISON OF COST (COL. 3), U-VALUE (COL. 5), SIZE (COL. 7) ON NEXT CHART; FOOTNOTES 1 -1 5 ON NEXT PAGE 
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Itemized Chart of Twelve Exterior Walls 



Footnotes to itemized chart 

1 . See horizontal and vertical sections — same cor- 
responding wall number. 

2. "In-place," N.Y.C. area — Morch '58. 

3. Refer to horizontal and vertical sections. 

4. From % of cost, "U," and size — see tabulation 
undereach wall section. 

5. Refers to New York State Division of Housing 
"standard" wall used as base cost — col. 3. 

6. insulation not considered — only wall with plus; 
all others less than "standard." 

7. 2"x 5V5s"x 11 Vi" brick — developed by Struc- 
tural Cloy Products Institute. 

8. Limited insulation of concrete frame. 

9. Expanded polystyrene rigid foam — Styrofoam. 

10. Insuirock or equal. 

11. Epoxy resin paint. 

1 2. AAodification of Marietta panel. 

13. Modification of Washington steel panel. 

14. Modification of H. H. Robertson panel. 

15. Does not have 2-hour fire rating. 

At left the basic characteristics of the 12 wall types 
studied are itemized ... on the following page this 
itemized information is presented for visual compari- 
son. A complete study of the various wall types pro- 
posed indicates that no single exterior wall system 
can be selected which would meet all the basic re- 
quirements of public housing work as previously 
listed. A careful comparison and evaluation of each 
wall system and of the entire group prior to final 
selection is therefore necessary. 



"i 



Prefabrication: 

In a review of both the itemized chart and the com- 
parative chart that follows some mention must be 
made of the basic qualities of some of the wall sys- 
tems which cannot easily be shown in chart or graph 
form. Cost in place — size or thickness — ability (or 
inability) to insulate — all these basic qualities can be 
accurately calculated and presented for quick com- 
parison — and indeed, careful study, analysis, review 
of costs and erection details and computations have 
been applied to some 40 wall systems made up of 
commercially available components before accept- 
ance of the 12 wall systems presented in this section 
was completed. Those presented (with suggested al- 
ternate details) are structurally sound wall systems 
which should be acceptable to both an owner honestly 
searching for better ways to build and a contractor 
willing to help in that search. One outstanding 
feature of several wall systems proposed however, 
cannot be related in terms of money, inches, or com- 
fort. This is the basic quality of 5 of the wall types to 
contribute to efficient, all-weather installation. A 
"panel-type" wall system (as yet not fully tested in 
public housing work) offers the following definite 
advantages: 

Prefabricated in a shop; minimum field assembly 
Large units; sections easily handled 
Standardization of units 

Clean, dry construction; erection in all weather 

Minimum man-hours needed; fast construction schedule 

Minimum scaffolding required 

Structure easily closed-in 

Minimum wall thickness; maximum insulation 

Integrated window openings 

Color and texture variation 

Integral inside and outside finishes 

Plastering omitted, if desired 

Demountable and replaceable 

Minimum fastening problems; minimum joint problems 

Accepted construction method 

These qualities, in addition to those listed at left and 
on the pages that follow make the panel wall systems 
a challenge that should be accepted and put to the 
test in the near future. 
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^ion: 

% 

^iew of both the itemized chart and the com- 
chart that follows some mention must be 
_z the basic qualities of some of the wall sys- 
lich cannot easily be shown in chart or graph 
£ost in place — size or thickness — ability (or 
to insulate — all these basic qualities can be 
^ly calculated and presented for quick com- 
%— and indeed, careful study, analysis, review 
^5 and erection details and computations have 
"^oplied to some 40 wall systems made up of 
rcially available components before accept- 
Jthe 12 wall systems presented in this section 
jnpleted. Those presented (with suggested al- 
I details) are structurally sound wall systems 
liould be acceptable to both an owner honestly 
nng for better ways to build and a contractor 
I to help in that search. One outstanding 
of several wall systems proposed however, 
be related in terms of money, inches, or com- 
^~iis is the basic quality of 5 of the wall types to 
lute to efficient, all-weather installation. A 
l-type" wall system (as yet not fully tested in 
I housing work) offers the following definite 
«ges: 

>ricated in a shop; minimum field assembly 
|units; sections easily handled 
irdizcrtion of units 

%dry construction; erection in all weather 
ym man-hours needed; fast construction schedule 
scaffolding required 
'jpre easily closed-in 

jm wall thickness; maximum insulation 
Sited window openings 
^nd texture variation 
|sl inside and outside finishes 
]|ing omitted, if desired 
iintable and replaceable 
ym fastening problems; minimum joint problems 
ted construction method 



:|ualities, in addition to those listed at left and 
i pages that follow make the panel wall systems 
.Jenge that should be accepted and put to the 
Ithe near future. 
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'STANDARD' 
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1 


'STANDARD' WALL 
MODIFIED 


A 

■Ti 

f; 


2 


'STANDARD' WALL 


1 

i 

% 


c 


INSULATED 


% 

4 


3 


'SCR' BRICK 


+ 

% 


4 


CAVITY WALL 1 
NO INSULATION 


1 

iii 


5 


CAVITY WALL 2 
LOOSE INSULATION 


■ttv 

1 

i 

i 


6 


CAVITY WALL 3 
LOOSE INSULATION 


-SC' 


7 


CAVITY WALL 4 


1 


C 


RIGID INSULATION 


§ 


8 


PANEL WALL 1 




c 


PRECAST CONCRETE 


4 

!£ 

z 

4 

4- 

% 


9 


PANEL WALL 2 
STAINLESS STEEL 
AND CONCRETE 
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STAINLESS STEEL 
GYPSUM BOARDS 
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PANEL WALL 4 
ALUM. & BLOCK 
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PANEL WALL 5 
STEEL & BLOCK 
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Comparative Chart of Twelve Walls 

The graphic chart at left serves to summarize the 
advantages and deficiencies of the various wall sys* 
terns proposed. All 12 hove been compared to a 
fixed "standard" — in this cose the present exterior 
wall in use on all public housing work, in New York 
City. This wall is detailed at the beginning of this 
section and is further analyzed in terms of erection 
and heating costs in the following section. The various 
bars on the graph are intended to give average 
values for the subjects listed. The construction picture 
in New York fluctuates too much in place and time to 
permit calculation of exact values. The cost figures 
hove been checked and ore believed precise enough 
to give a clear picture of the following, reading each 
bar across from left to right: 

Bar 1. Cost of the wall: 

Bar indicates cost of one sq. ft. of wall (75% of ex- 
terior envelope; window area • 25% • omitted) — 
costs are total local prices, complete, in-place, and 
represent average values of cost data on each wall 
compiled from following sources consulted specifically 
for this research: N. Y. State Division of Housing 

Seelye, Stevenson, Value & Knecht 
Rheinstein Construction Co. 

H. Nash Babcock 

Bar 2. Wall thickness: 

Bar indicates total thickness of each wall as per hori- 
zontal and vertical sections previously shown as well 
as revised thickness as per suggest^ alternates in 
previous itemized chart. 

Bar 2a. Wall thickness: 

Bar indicates gross floor area gained by reduced 
thickness of wall: added floor area gained per room 
if included in building — (Bar 2a.) and immediate 
construction saving if omitted — (Bar 2b.). 

Gross square foot floor area gained per room by 
reduced wall thickness is based on floor area of typi- 
cal housing project wing from housing project used 
as a standard throughout this report. This typical 
wing breaks down as follows: 

39.5' X 84. 13'= 3323 gross sq. ft. = area of wing. 
Wall (1 2%" thick) =258 sq. ft. of above gross area. 

4 apartments per wing (typical for this project) and 
4.33 rooms per apartment (typical for this project). 










Each room =3323/ 17.2 =194 sq. ft. average area, 
each room= 258/17.2= 15 sq. ft. average area 
floor area taken by exterior wall per room; 
thus average room= 194— 15 = 179 net area (usable). 
Area gained (by walls thinner than 1 2%") is 

compared to this net average floor area, and 
Cost saved ($1 0.08 x area thus saved) is 

compared to this net average floor area. 

Area thus gained for total wing is shown as number 
of sq. ft. gained per each of 17 rooms if thinner ex- 
terior walls are used, holding exterior dimensions of 
typical wing constant. 

Bar 2b. Wall tliicknass: 

Bar indicates total cost of wing construction saved if 
extra floor area is omitted, based on construction 
costs per sq. ft. for typical housing project wing 
above: 

Room area =(above) 1 94 sq. ft. 

Total average cost =$1952.50 
Construction cost =$10.08 per SF 
Construction cost thus saved for total wing is shown 
as cost saved per room, reducing exterior dimensions 
of typical wing with thinner exterior walls. 

Note: This cost saved os shown in Bar 2b is a 
theoretical figure. Sources consulted for this portion 
of the research work have indicated that this theoreti- 
cal saving should be reduced by 30% to reflect net 
practical total. 

Bar 3. Insulating valua of wall 

Bar indicates U-value for each wall system — calcu- 
lated from R: thermal resistance as shown in sections 
— as per HVAC Guide, 1957. U equals BTU/HR./ 
SQ. FT./DEG. F (outside & inside). Winter values 
used. U-values revised for alternate details. 

Bar 3a. Insulating value of wall: 

Bar indicates direct cost of total heating plant (in- 
stalled) for one sq. ft. of wall in place. Window area 
omitted. All cost calculations (BOr 3a. & 3b.) as per 
heating study — second part of this Chapter. 

Bar 3b. Insulating value of wall: 

Bar indicates projected average cost of heating (op- 
erating) per Btu required by one sq. ft. of wall in 
place based on cost of supplying EDR (Equivalent 
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MS 3323/1 7.2 = 1 94 sq. ft. average area, , 
^ — 258/17.2= 15 sq. ft. average area 
\a taken by exterior wall per room; 
bge room= 194— 1 5 = 179 net area (usable). 
,wd (by walls thinner than 12%") Is 
smpared to this net average floor area, and 
($10.08 X area thus saved) is 
^pmpored to this net overage floor area. 

gained for total wing is shown as number 
Igained per each of 17 rooms if thinner ex* 
Ills are used, holding exterior dimensions of 
|ng constant. 

Vfoll thickness: 



fates total cost of wing construction saved if 
iw area is omitted, based on construction 
sq. ft. for typical housing project wing 






]1oom area =(above) 1 94 sq. ft. 

^otal average cost =$1952.50 
'Construction cost= $10.08 per SF 
|on cost thus saved for total wing is shown 
wed per room, reducing exterior dimensions 
wing with thinner exterior walls. 

^^is cost saved as shown in Bar 2b is a 
^1 figure. Sources consulted for this portion 
inarch work have indicated that this theoreti* 
should be reduced by 30% to reflect net 
Itotal. 

I Insulating value of wall 

:otes Upvalue for each wall system — calcu* 
In R: thermal resistance as shown in sections 
V HVAC Guide, 1957. U equals BTU/HR./ 
iDEG. F (outside & inside). Winter values 
JVolues revised for alternate details. 

Insulating value of wall: 

^es direct cost of total heating plant (in- 
^r ore sq. ft. of wall in place. Window area 
I All cost calculations (Biiar 3a. & 3b.) as per 
'^jdy — second part of this Chapter. 

Insulating value of wall: 

sates projected average cost of heating (op- 
tper Btu required by one sq. ft. of wall in 
ased on cost of supplying EDR (Equivalent 
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Direct Radiation) as required by wall section for 50 
years. Source: New York City Housing Authority 
costs for "52-54. 

Note: Figures and data used for all 7 bars in graphic 
chart are itemized and explained further in part two 
of this Chapter. 

As a guide towards final recommendation, two re* 
quirements originally proposed by the Division of 
Housing at the beginning of this research (see Intro* 
duction) are recalled: 

Selection based on immediate savings: 

Undoubtedly the present "standard" wall can be im* 
proved. This has been indicated by the data and 
charts of this study and brought out in dozens of inter* 
views with architects, engineers, and contractors. 

1. Modify it — r^uce its thickness by use of 4" 
backup block and save 6 cents on the present 
wall. Save, in addition, on reduced width of ex- 
pensive 16 and 18 gage steel window trim and 
enclosures as wall is modified closer to window 
width of 3" to 4". Higher U-value easily covered 
by present 1 0% to 20% factors applied to heat- 
ing design (requiring no increase in heat plant 
costs) — see second part of this Chapter. 

2. Insuioto it — above all insulate — for immedi- 
ate and future savings in wall, heating plant, and 
fuel. Experiment with rigid and loose insulation 
on the present wall until the right combination is 
arrived at: in cost (present and future), in speed 
and ease of erection, in labor and union accep- 
tance, in savings to owner and comfort to tenant. 
Wise selection of insulation and outside facings 
can result in wall savings of 1c to 53c per sq. ft. 
of net (solid) wall in place. 

Plan ahead for possible future savings: 

Savings in the very near future can and will be real- 
ized when the Division of Housing accepts, tests and 
uses a panel-type (concrete or metal faced) wall 
system which will permit quicker enclosure of the 
skeleton than the present masonry wall. At that time 
many of the cost savings itemized and inferred in the 
study of the panels in this section can be verified. 
Towards that end, two systems were selected for 
recommendation for use on a trial basis and for 
additional detailing on the following pages. 
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Discussion and Detail of Two Prefabricated Walls 



1. Precast concrete wall panel — commercially 
available in New York City, proven in many in- 
stallations. 




A modification of a basic 5" precast concrete wall 
panel developed by the Marietta Concrete Corp. of 
Ohio. In addition to advantages already mentioned 
for panel-type wall systems, this one has the added 
benefits of being a completely detailed and tested 
system, used throughout New York area, competi- 
tively priced, represented directly in New York with 
local branch office and distributors; having 2-hour fire 
rating; and having approval of New York State for 
industrial buildings, typical details presented on this 
page — typical elevation studies with exterior wall 
No. 10 presented on center page. 

This wall developed by the research group with the 
cooperation of representatives of the Marietta Con- 
crete Corp. — New York City office, the Dow Chemi- 
cal Company — New York City office, and Mr. Philip 
M. Grennan of the office of Alfred E. Poor. 
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PREFABRICATION 











EXTERIOR WALL NO. 8: 




SIX ELEVATION STUDIES BASED ON PRESENT 
WINDOW ARRANGEMENT AND STRUCTURAL 
FRAME DIMENSIONS OF TYPICAL BUILDING 






EXTERIOR WALL NO. 10: 
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WALL NO. 8 AND NQ. 10 USED IN VARIOUS 
COMBINATIONS WITH WINDOW OPENINGS 
ON A TYPICAL N.Y.C. HOUSING PROJECT 
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2. Preformed steel and gypsum-board "sandwich 
type" wall panel — already erected in New York 
City. 




An insulated version of a basic wall panel system 
developed by H. H. Robertson Co. and successfully 
installed in portions of Bellevue Hospital in New York 
City; has code approval as a 2-hour wall. Outside 
face available in a large variety of materials — stain- 
less steel, aluminum, vinyl-coated steels, porcelain 
enamelled aluminum. Inside face can be furred and 
plastered (as shown) or can be painted direct as a 
finished face. Typical details are presented on this 
page — typical elevation studies combined with ex- 
terior wall No. 8, shown as if erected on standard 
public housing structural frame, and presented on 
center page. 

This wall developed by the research group with the 
cooperation of representatives of the H. H. Robertson 
Company — New York City office, the Dow Chemical 
Company — New York City office, and Mr. Wayne 
F. Koppes, architectural consultant. 
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Insulation Methods for the Exterior Wall 



This section of the study of the exterior wall will 
examine the savings possible by insulating the present 
wall (Wall No. 2 or a modified version of Wall No. 2), 
a "r^esigned" present wall (Wall No. 7) and the 
two recommended panel wall systems (Wall No. 8 
and No. 10), in order to reduce overall construction 
costs by redudng the initial heating plant cost (im- 
mediate) and to reduce the costs of operating the 
heating plan (future). This study is based on details 
and costs as present^ in the first part of this Chapter. 

No study of the possible ways of reducing the cost of 
the exterior wall — either in unit cost of its compon- 
ents or in erection costs — can be complete without 
tying this study in with an examination of the insulat- 
ing qualities of that wall. This, of course, includes 
not only the Insulating properties of the solid wall but 
also those of the window wall. Good insulation 
(properly applied) will pay dividends for its small, 
initial extra cost in two ways: by providing a com- 
fortable interior climate winter and summer (allowing 
maximum use of that room) and by reducing heating 
plant costs, both first cost and operating costs. This 
study assumes that the former quality will be an 
added benefit gained in taking advantage of the cost 
saving benefits of the latter. The basic problem is 
simply: 



Does it pay to insulate? 



It is costlier to insulate a wall. That extra cost must 
be recovered in public housing work to be justified. 
This justification will take the form of a complete 
examination of the heating requirements of an aver- 
age housing project wing, relying only on calculated 
facts and figures from quoted sources for its proof. It 
must be repeated that in this study average areas 
and related figures are used throughout since exact 
figures (based on a definitive study of an actual test 
case — strongly recommended by many to establish 
the "true" validity of insulation) are impossible to 
come by until such a test is conducted in the field. 
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First: The study of a "typical housing project" wing 
(costs, physical properties, heat requirements, etc.) to 
lead second: to establishment of an "average 
apartment room" of that project which will in turn 
serve as a "measuring rod" for third: a "compara- 
tive cost study" of insulating the present exterior wall 
with its 2 alternate modifications (Wall No. 2 and 
No. 7) and the two recommended wall systems (Wall 
No. 8 and No. 10). 




SITE PLAN OF PROJECT UNDER STUDY 
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A Typical Housing Project: 



Location: The Bronx, New York City. 

Presently under construction. 

New York City construction firm. 

Bid during Summer, 1957 
Contract awarded: late Fail, 1 957 
Joint New York State Division of Housing and 
New York City Housing Authority project. 

11-12 story & 3-20 story buildings 

12 story: 3 wings with central core 

20 story: 2 wings with central core 

Reinforced concrete structures on piles 

Exterior wall: first part of this Chapter 

Total construction rooms: 8761 

Total apartments: 2025 

Average rooms per apartment: 4.33 

Net housing area: 40.36 acres 

Total building coverage: 4.05 acres (9.8% of land) 

Density: 219 persons/aae 

Total area — ^2,138,666 SF 

Total cubage— 19,247,987 CF 

Floor-to-floor height: 8'-7" above 1st. 

Total contract — $21,556,064 

Cost per cubic foot — $1 .12 

Cost per square foot— $10.08 (of floor area): 

(using cube cost $1.12 x 9^-0^— floor-to-floor) 
Heating & ventilating— $1 ,378,000 
Cost per cubic foot — $0.0716 total H. & V. of which 
12% for ventilation =$165,360 
Cost per cubic foot =$0.0086 (Ventilating) 

Net heating cost — ^$1 ,21 2,640 or 
Cost per cubic foot =$0.0630 (Heating) 

Heat plant cost per square foot — $0,567 (of floor area): 
(using cube cost $0.0630 x 9'-0'' (floor-to-fioor) 



The above facts and figures from examination of 
complete contract drawings and from data published 
by New York City Housing Authority. Given above 
to establish scope and scale of housing project (see 
site plan - this page) — total contract for this project 
somewhat above average but all cube and sq. ft. 
costs (upon examination of 8 additional '57/'58 hous- 
ing projects) are average. 



INSULATION METHODS 
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TYPICAL FLOOR PLAN — PROJECT WING 
TOTAL RADIATION: 321 EDR 



INSULATION METHODS 
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Project has 39 wings; 14 center cores; 
roofs & 1 4 cores omitted in heat plant study 
(average 3% to 4% total load) 
roofs & cores included in heat bill study 

(prorated per cube & sq. ft. per room above) 



lU 

O 

< 



& 



z 

o 



3 

u 

< 

u 



< 

u 

E 

>■ 



Gross floor area: 3323 sq. ft., each wing 

Gross wall area —ext. wall (12%" thick x 8'-7" high); 

247.36' X 8.57' = 21 22 sq. ft., each wing 
Window area — ^26% of gross wall: 

2122 X .26=552 sq. ft., each wing 
Net (solid) wall area — 74% of gross: 

2122 X .74 = 1570 sq. ft., each wing 
4 apart. @ 4.33 rm. /apartment 
Total of 1 7.2 rooms for each wing (average) 

Average room — 3323/ 1 7.2 = 1 93.7 sq. ft. 

Heat load for typical project wing: 

321 EDR (from plan); calculated as follows: 




Explanation of calculation page factors: 

Design temp. = 0“-70“ F. 

EDR = Btu/hr^240 

window = "U"x70“ F.= 1.1 3x70“ = 79.5 Btu/hr 
wall = "U"x70“ F.= .25x70“=17.5 Btu/hr 



Infiltration taken as follows: 

@ window 2'-6" x 5'-0"=710 Btu/hr 
@ window 3'-0" x 5'-0"=770 Btu/hr 

10% added to total of each room, and then 

20% added to total of each floor (not shown above) 

BTU/hr -i- 240 = total EDR per rm. 

Total radiation as noted on plan at left 
EDR breakdown listed on typical floor plan 













Project has 39 wings; 1 4 center cores; 
roofs & 14 cores omitted in heat plant study 
(average 3% to 4% total load) 
roofs & cores included in heat bill study 

(prorated per cube & sq. ft. per room above) 

Cross floor area: 3323 sq. ft., each wing 
Gross wall area — ext. wall (12%" thick x 8'-7" high): 
247.36' X 8.57' = 21 22 sq. ft., each wing 
'Window area — ^26% of gross wall: 

2122 X .26=552 sq. ft., each wing 
Net (solid) wall area — 74% of gross: 

2 1 22 X .74 = 1 570 sq. ft., each wi ng 
4 apart. @ 4.33 rm./apartment 
Total of 17.2 rooms for each wing (average) 

Average room — ^3323/17.2= 193.7 sq. ft. 

Heat load for typical project wing: 

321 EDR (from plan); calculated as follows: 




Explanation of calculation pagefartors: 

Design temp. = 0‘’-70‘* F. 

EDR=Btu/hr-^-240 

window = "U" X 70” F. = 1.13 x 70” =79.5 Btu/hr 
wall = "U" x70” F.= .25 x70” = l 7.5 Btu/hr 

Infiltration taken as follows: 

@ window 2'-6" x 5'-0" = 710 Btu/hr 
@ window 3'-0" X 5'-0" = 770 Btu/hr 

10% added to total of each room, and then 

20% added to total of each floor (not shown above) 

BTU/hr -T- 240 = total EDR per rm. 

Total radiation as noted on plan at left 
EDR breakdown listed on typical floor plan 



From typical calculation page and floor plan at left: 
Total heat loss assumed through wall 
Excludes loss through roof (small %) 

Excludes loss through core (small %) 

Assumes average window — 5'-0" x 6'-0" 
Thus: Heat plant cost: related to wall /room 
Heating cost: related to wall/ room 
Heat required by average room: 

321 EDR/1 7.2 rooms = 18.6 EDR/room 
Heated rooms face outside gross wall and 
Gross wall of average room: 

2122 sq. ft./ 17.2= 123.4 sq. ft. per room 



All of the above information obtained in reviews of 
project drawings with architects and mechanical en- 
gineers. Assumption that total heat loss of typical 
wing (other than top floor) is through exterior wall 
found entirely reasonable. However, two factors must 
be mentioned to complete this part of the picture. 
Total EDR listed (on floor plan) do not take into ac- 
count 20% additional heat load automatically added 
by most mechanical engineering firms to total for 
pipe loss, boiler loss, stack loss, leakage, etc. Nor 
would it be correct to assume that a reduction of heat 
load requirements (through such means as wall insula- 
tion, double glazing, etc.) be directly proportional to 
a similar drop in total heating requirements (i.e. boil- 
ers, burners, etc, are made in stepped capacity rat- 
ings and not all exact boiler, pipe, and heating 
element capacities are commercially available). But 
the reductions are real and must be credited against 
the initial cost of the insulation. 



The first factor seems to suggest that some saving in 
heat plant costs would immediately occur by paying 
mechanical engineers a larger fee to calculate more 
closely and precisely all heat losses for public housing 
projects. The second factor suggests that heat plant 
costs (immediate) and fuel costs (future) should not be 
reduced in direct proportion to percent reduction of 
heat loss of any wall studied in this report. The first 
suggestion is endorsed and the second is carried out 
in the rest of this study of heat plant and fuel costs. 
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Average Apartment Room: 



Average room has 123.4 sq. ft. of exterior waii 
Average room requires 18.6 EDR of heat 
Of 123.4 sq. ft. gross wall: 

26% window =32.1 sq. ft. (from drawings) 
74% net (solid) =91 .3 sq. ft. (from drawings) 
Review of typical EDR requirements 

(refer to copy of data page) shows: 

% of 3 possible heat losses: 

Through window area — 45.9% EDR 
Through net wall — 22.6% EDR 
Through infiltration — 31.5% EDR 
Averages calculated from 20 data sheets 
Thus: for typical exterior wall: 

Glass area accounts for 45.9% +31.5% or 
77.4% of heat loss in "average'' room. 

Solid (net) wail area accounts for rest or 
22.6% of heat loss in "average" room. 




Portion of installed heat plant costs: 

1 93.7 sq. ft. X $0,567 per sq. ft. = $1 19.83 
Cost of heating average room per year: 

$12.72 (NYCHA: average for '53/'54) 

Thus for average apartment room: 

$119.83 heating plant cost -r by 18.6 EDR = $6.44 
(heating plant costs, installed). 

$12.72 heating costs -4- by 18.6 EDR =$0.68 
(heating bill for one year). 



Note: at this point a quick check can be made of the 
validity of the assumptions made (and therefore of 
the average figures proposed): 

Total heating contract divided by unit cost of 

required EDR should equal total EDR required. 

$1,212,640 4- $6.44= 190,000 EDR 

This proves to be about 5% 

under total calculated 

EDR for this project (200,000). 

Thus: the average cost of $6.44 of installed plant 
cost per EDR, if anything, is rather high (it should be 
about $6.24) but is retained as basis for entire com- 
parison to compensate for possible percentage errors. 



To break above costs down per square foot: 

Gross exterior wall: 123.4 sq. ft. requires a total of 

1 8.6 EDR of heat per room: 

26% is window or 32.1 sq. ft. with 77.4% 
of total heat loss = 

18.6 EDR X 77.4% = 14.4 EDR for window; 

and 14.4 EDR @ $6.44/EDR= $92.74 
of installed heat plant cost. 

$92.74/32.1 sq. ft. = $2.89per 

sq. ft. of window area of installed 
heating plant cost. 

and 14.4 EDR @$.68/EDR = $9.79 of 
heat bill for one year. 

$9.79/32.1 sq. ft. =$.31 per sq. ft. 
of window area of heating bill 
for one year. 

74% is net (solid) wall or 91.3 sq. ft. 
with 22.6% of total heat loss= 

1 8.6 EDR X 22.6% =4.2 EDR for wall 

and 4.2 EDR @ $6.44/EDR = $27.09 
of installed heat plant cost. 

$27.09/91 .3 sq. ft. = $.296 per 

sq. ft. of net wall area of installed 
heating plant cost. 

and 4.2 EDR @ $.68/EDR=$2.93 of 
heat bill for one year. 

$2.93/91.3 sq. ft. = $.032 per 
sq. ft. of net wall area of 
heating bill for one year. 
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at this point a quick check can be made of the 
I of the assumptions made (and therefore of 
rage figures proposed): 

*otal heating contract divided by unit cost of 
Required EDR should equal total EDR required. 

,2 12,640 $6.44= 190,000 EDR 

*liis proves to be about 5% 

)nder total calculated 

^rDR for this project (200,000). 

.' he average cost of $6.44 of installed plant 
V EDR, if anything, is rather high (it should be 
$6.24) but is retained as basis for entire com- 
^ to compensate for possible percentage errors. 



'C 

A 

* 

fc- 

jak above costs down per square foot: 

|exterior wall: 123.4 sq. ft. requires a total of 
:DR of heat per room: 

window or 32.1 sq. ft. with 77.4% 
tof total heat loss= 

:18.6 EDR X 77.4% = 14.4 EDR for window; 
'4.4 EDR @ $6.44/EDR = $92.74 
vof installed heat plant cost. 

4/32.1 sq.ft. = $2.89 per 
|sq. ft. of window area of installed 
'I heating plant cost. 

;4.4 EDR @ $.68 /EDR = $9.79 of 
fheat bill for one year. 

/32.1 sq.ft. = $.31 per sq.ft. 

[of window area of heating bill 
I for one year. 

’*s net (solid) wall or 91 .3 sq. ft. 

I with 22.6% of total heat loss= 

18.6 EDR X 22.6% =4.2 EDR for wall 
.2 EDR @ $6.44/EDR = $27.09 
I of installed heat plant cost. 

9/91.3 sq.ft. = $.296 per 
I sq. ft. of net wall area of installed 
I heating plant cost. 

.2 EDR @ $.68/EDR= $2.93 of 
I heat bill for one year. 

V91.3 sq.ft. =$.032 per 
I sq. ft. of net wall area of 
I heating bill for one year. 
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To summarize: 

In a typical New York State housing project at present: 

One square foot of: 

A* wei (soibq) wan — (v— 

Costs $2.63 to install 
(Calculated from unit costs) 

Costs $.296 of heat plant costs 

Costs $.032 to heat one year 

(or $.32 for 1 0 years and $1 .60 for 50 years) 

B. Window (glass) wall— (U = 1.13) 

Costs $2.55 to install 

(Cost furnished by Division of Housing) 

Costs $2.89 of heat plant costs 

Costs $ .31 to heat one year 

(or $3. 1 0 for 1 0 years and $1 5.50 for 50 years) 



AVERA.3E APASr.. RC0M:,'i93.7 S3 .F T . R^U 1 R [NG h8- 
AVERAGE GROSS .'.all (lXTERIOR)- 

.MkOd.'.' 26* 32. 1 63 .FT. ' ■ | • 1 


.6 'EDR TO HEAT 
123.4 SO. Ft. 


32.I SQ-.FT. X S2.55/S3.FT. 81.86 


' ~ 


- -TO ERECT 


32. 1 SO .FT'. X 52. 89/63. FT. ' - 


9,2.74 


-HT PUANT 


32.1 SQ.FT-. X S' .'31 /-SO. FT.- . ' - 


* 


9.79-TO HEAT 


■ r.-E'-r 'jIALL 74* -9 1 .3 .S3. .FT-; 






6K3 oO.Ft’. X 32. 63/63. ft. 240.12 




- -TO ERECT 

y 


91 .3 SQ.FT. X 3 .3'0/S.3-.FT,. ■ . - 


27.09 


, - -HT PLAITT- 


9I .3 SO-.FT. X S .03/6'.'. FT. , - 


'/ T 


2.93-TO HEAT 


S32I . 98 


1 18.83 


12.72 


ERECT 


PLANT 


HEAT (,l .TEAR ) 



And combining for total wall: 

C. Gross wall (32.1 glass plus 91.3 solid) 

Costs $2.61 to install ($321.98 -r- 123.4) 

Costs $ .97 of heat plant costs ($1 1 9.83 -r- 123.4) 
Costs $ . 1 0 to heat for one year ($1 2.72 -i- 1 23.4) 
or $1 .00 for 1 0 years and $5.00 for 50 years 

All calculations leading to cost figures for 1 sq. ft. as 
well as 1 23.4 sq. ft. of exterior wall based on contract 
drawings and interviews with project architects and 
engineers of "typical housing project." These typical 
cost figures above will now be used as a basis for the 
"comparative cost studies" that follow. 
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Comparative Cost Studies: 



We have new estabiished and explained our "meas- 
uring rod" for a typical exterior wall enclosing an 
"average apartment room." 



Outside surface 


— 


.17 


4" common brick 


1.41 


.80 


6" cinder block 


.66 


1.40 


furring and lath 


.21 


.91 


plaster 


.28 


.23 


3 coats paint 


.07 


— 


Inside surface 


— 


.61 



$2.63 4.12 U = 0.241 for solid wall 

$2.55 U = 1.13 for glass wall 



With this data as background we will investigate 5 
recommended walls. This comparative cost will cover 
first the solid wall only — then the window (glass) 
wall — finally the gross (solid and glass) wall. 



As suggested at the end of Part 1 of this section — 
"A Typical Housing Project," it would be erroneous 
to assume a direct percentile relationship exists be- 
tween "U" value (insulating capacity) of the exterior 
wall and the cost of the complete heating plant as 
initially installed. A reduction of the "U" value of 
0.241 (present wall), costing $.30 per sq. ft. of net 
wall of the installed heating plant (i.e. burner, boiler, 
pipe runs & returns, radiation equipment, etc.) can- 
not directly reduce the cost of such a heating plant by 
an identical percentage. This would also apply to 
cutting fuel costs. For purposes of this comparison 
75% of percent reduction of standard "U" value (in 
other words 75% of Column 6 of itemized chart) has 
been used to compensate for limited boiler size selec- 
tion, "standard" commercially available piping, leak- 
age in pipe runs, etc. This reduction, together with 
generally high "average" figures (i.e. - 9'-0"for floor- 
to-floor height of 8'-7" above 1st floor, $6.44 per 
EDR in lieu of calculated cost of $6.20 to $6.30 per 
EDR) used throughout this study should present a 
conservative cost comparison of the five exterior 
walls investigated. 
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1 . Present wall with 1" of 

•Styrofoarrt directly behind' brick.- 

Cost: $2.92 r=.29/sq. ft. over standard wall- 
“IJ:- 0.1 29 or 46.5% of 0.2-4T of standard wall 

75% X 46.5 =35!3%' reduction (net) 



■Which is applied to heating plant . . ‘ 

cgstspersq.ft.andtofuelcostspersq.ft; .- 
for 10 and 50 years. 

2. Present wall with 2 " of Styrofoam 

. . directly behind brick; Vd" plaster 

direct on block. . 

Cost: $2.92 -.48 (lath & plaster) = $2.44 

' $2.44 + .17 (Styrofoam) & .22 (plaster) = 

$2.83 =.20/sq. ft. over standard wall ■ 

U: 0.092 or 61 <”5% of 0.241 of standard wall . 

75% X 61.5 =46.5% reduction (net) , ; 

which is applied to heating plant 
^Gosts-per-sq-ft^and-to-fuel-costs,per4q^ft„ — 

for" 1 0 and 50 years. 

3. Same as 2 above but with 3" 
cenient-wood fiber block (fnsulrock 
or equal) substituted for 4" cinder 
block. Exceptionally strong 

wall - easy to erect; very low U. 

Cost: $2.61 =. 02/sq.ft, under stondard wall 
U: 0.061 or 74.7% of 0.241 of standard wall 

75% X 74.7% = 55.3% reduction (net) 

^ which is applied to heating plant 
' costs per -sq. ft, arid to fuel costs per sq. ft. : , 

for 10 and 50 years. . ' . ' 

4. ^ Panel Wair, = l - precast concrete: 

Because of low overall U-value 
this Wall believed comfortable 
enough to omit;ploster, thus . 

. alternate of Wall No. S used here. 

Cpst.: $3.16— -.48 (lath & plaster) = $2.67 . 

$2.67 + .10 (finish) = ' 

$2.77 = J 4/sq. ft. over standard vvall - 
^U: , 0.101 or 58.3,% of 0.241 of standard wall 

75 % X 58,.3.= 43.5% reduction (net) . 
which is applied to heating plant ; 
costs per sq. ft and to fuel costs per sq. ft, 
for JO and 50 years. ■ 

5. Panel Wall =3 - steel & gypsurri board 
(vinyl-coated steel as developed , 

by ,U.S. Steel - ribbed); channel, . 
furring and plaster retained. 

Cost: $2.89 = ,26/sq. ft. over standard wall 
U: 0.1 12 or 53.6% of 0.241 of standard wall 

75%. X 53,6 = 40.5% reduction (net) 
which is applied to, heating plant . , 

costs per sq. ft. and to fuel costs per sq. ft. 
for 10 and 50 years. : , 
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WALL TYPE S 








WALL TYPE 2 


WALL TYPE 2 


w.. 




N.Y.S.D.H. WALL 








(ALT. DETAIL) 


(AL-: 


s 










1" RIGID FOAM 


2 " RIGID FOAM 


41 


1 










FURRING AND 


Va" DIRECT 


2" : 


«?- 

1 


^STANDARD' WALL 


ITEMS COMPARED WITH STANDARD WALL 


PUSTER 


PUSTER 




fv 

i 

A 


$2.63 


(1) 


COST OF NET (SOLID WALL IN 


(1) 


$2.92 


$2.83 




1 

1 

?ir 




PUCE PER SQUARE FOOT 








— 




ADDITIONAL COST PER SQ. FT. 




$0.29 


$0.20 


i 

1 


t 






OVER STANDARD WALL 










< 


UW' 




TOTAL THICKNESS OF WALL; 




1 1 Va" 


10%" 


f 








SEE HORIZ. AND VERT. SECTIONS 














PERCENTAGE REDUCTION OF WALL 




9.9% 


14.8% 


*• 


1 






THICKNESS OVER STANDARD 








M 

A, 


r. 

V. 


0.241 




CALCULATED U-VALUE OF WALL; 




0.129 


0.092 


< 


1 

1 






SEE HORIZ. AND VERT. SECTIONS 
















PERCENTAGE REDUCTION OF U- 




46.5% 


61.5% 


• 


it 

f 






VALUE OVER STANDARD 








Jr 

% 


— 


(2) 


TAKING 75% OF PERCENTAGE 


(2) 


35.3% 


46.5% 


? 






REDUCTION OF THIS U-VALUE 






1 


% 


$0,296 


(3) 


HEATING PUNT COSTS PER SQ. 


(3) 


$.296-.105 


$.296-.141 








FT. OF WALL REDUCED BY (2) 


0.19 


0.16 




t. 


$2.93 


(4) 


ADJUSTED GROSS WALL COST 


(4) 


$3.11 


$2.99 




s 




IN PUCE: ITEM (1) + ITEM (3) 








«v 

J 

r? 






lAAMEDIATE SAVING PER SQ. FT. 









ft' 








OF WALL: ITEM (1) - ITEM (4) 




— 


— 




> 

«v 


$0.30 




lAAMEDIATE ADDITIONAL COST 




$3.11-2.93 


$2.99-2.93 


“i 


3 






OF WALL: ITEM (4) - ITEM (1) 




0.18 


0.06 


4 


K 

1 


$0.32 


(5) 


10-YEAR HEATING BILL COSTS 


(5) 


$.32-.112 


$.32-.150 


jy 

¥ 


« 

SiJ- 




PER SQ. FT. REDUCED BY (2) 


0.21 


0.17 


r 


t’ 


$3.25 


(6) 


ADJUSTED 1 0-YR. GROSS WALL COST 


(6) 


$3.32 


$3.16 




% 




OF WALL: ITEM (4) + ITEM (5) 






'i 


*?, 

■s 






10-YEAR SAVING OF HEATING 




— 


$0.09 




g, 

J?' 






OF WALL: COMPARING ITEM (6) 








jfj 


9, 


$1.60 


(7) 


50-YEAR HEATING BILL COSTS 


(7) 


$1.60-0.56 


$1.60-0.75 


Jr 


1 

*:» 




PER SQ. FT. REDUCED BY (2) 


1.04 


0.85 


‘1 

t 


iv 

\* 

\* 


$4.53 


(8) 


ADJUSTED 50-YR. GROSS WALL COST 


(8) 


$4.36 


$3.84 




i 




OF WALL: ITEM (4) + ITEM (7) 






i 




— 




50-YEAR SAVING OF HEATING 




$0.17 


$0.69 


V* 

4 








OF WALL: COMPARING ITE^ (8) 








’*5 

•> 



I 
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COAAPARATIVE COST RESULTS: READ ACROSS FOR COMPARISON OF EACH ITEM AND READ DOWN E." 
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2 



2 



7 



8 



10 



WALL TYPE 2 


WALL TYPE 2 


WALL TYPE 7 


WALL TYPE 8 


WALL TYPE 10 




(ALT. DETAIL) 


(ALTER. NO. 1) 






V' RIGID FOAM 


2" RIGID FOAM 


4" BRICK + 






PURRING AND 


Va" DIRECT 


2" RIGID FOAM 


PRECAST 


STAINLESS STEEL 


PLASTER 


PLASTER 


Va" PLASTER 


CONCRETE 


GYPSUM BOARDS 


$2.92 


$2.83 


$2.61 


$2.77 


$2.89 


$0.29 


$0.20 


— 


$0.14 


$0.26 


11 Vi" 


10%" 


9%" 


5" 


7ya" 


9.9% 


14.8% 


23.5% 


60.8% 


41.2% 


0.129 


0.092 


0.061 


0.101 


0.112 


46.5% 


61.5% 


74.7% 


58.3% 


53.6% 


35.3% 


46.5% 


55.3% 


43.5% 


40.5% 


$.296-.105 


$.296-.141 


$.296-.! 65 


$.296-.132 


$.296-.! 23 


0.19 


0.16 


0.13 


0.16 


0.17 


$3.11 


$2.99 


$2.74 


$2.93 


$3.06 




— 


$2.93-2.74 







— 


— 


0.19 


NET 


— 


$3.11-2.93 


$2.99-2.93 


— 




$3.06-2.93 


0.18 


0.06 


— 


NET 


0.13 


$.32-.112 


$.32-.150 


$.32-.176 


$.32-.141 


$.32-.131 


0.21 


0.17 


0.14 


0.18 


0.19 


$3.32 


$3.16 


$2.88 


$3.11 


$3.25 


— 


$0.09 


$0.37 


$0.14 


NET 


$1.60-0.56 


$1.60-0.75 


$1.60-0.88 


$1.60-0.70 


$1.60-0.66 


1.04 


0.85 


0.72 


0.90 


0.94 


$4.36 


$3.84 


$3.46 


$4.01 


$4.19 


$0.17 


$0.69 


$1.07 


$0.52 


$0.34 



»RISON OF EACH ITEM AND READ DOWN EACH COLUAAN FOR COMPLETE WALL DATA 
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Comparative Cost Studies: 



The preceding chart has analyzed the comparative 
costs of five wall systems against a ''measuring rod" 
— the public housing exterior wall now in use. All the 
values given with corresponding costs in that chart 
ore based on the "net" (solid) exterior wall: that is, 
the gross exterior wall minus the window area. This, 
os our analysis of an "average apartment room" 
showed, accounted for 74% of the gross exterior 
wall (a large amount in square feet) but only 22.6% 
of total heat loss (a small percentage of installed heat- 
ing plant and future fuel costs) in a room. 

In the "Comparative Cost Study" we will investigate 
the insulation vs. cost data of the remaining 26% of 
the gross exterior wall which accounts (through win- 
dow glass and window frame infiltration) for 77.4% 
of total heat loss (o large percentage of installed 
heating plant and future fuel costs) in o room. Again 
we return to our "measuring rod" (the present exterior 
wall) for the cost comparison. However, in this case 
we shall use first the values arrived at to erect, pro- 
vide heat for, and heat the window (glass) wall and 
then the combined values to erect, provide heat for, 
end heat the gross wall (window and net (solid) wall). 
In effect, a cost comparison of a completely insulated 
exterior wall will be mode based on the cost (initial 
and future) of the present, completely uninsulated ex- 
terior wall with the following premises: 



Using cost data for present exterior wall as per cal- 
culations in the summary to "An Average Apartment 
Room." 



Using for "net" (solid) part of wall Alternate 1 of 
Wall No. 7 as per cost comparison on preceding 
chart. This wall selected (and strongly recommended) 
since it is a sound masonry wall that could be immedi- 
ately substituted for the present masonry wall with 
no change in Division of Housing standards or New 
York City Code, nor require any radical change in 
normal New York City trade union practices. 
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Using for this wall (No. 7) a design temperature of 5" 
to 70* = 65"F in lieu of present 0* to 70*=70*F. 
This is in line with suggestions made by engineering 
firms during field interviews on subject. A typical 
calculation sheet of heat loss per room (see photostat 
— "A Typical Housing Project"), reveals more than 
adequate (10% factor) compensation for this sensible 
change of design standards. 



Using standard (commercial aluminum double-hung — f 
Ceco or equal) windows with DSB glass for present | 
wall: I 

7^ 

I 

Price: N.Y.C., installed, 3'-0" x 5'-l %" | 

frame — $30.00; glazing — $8.25 | 

Total: $38.25 ^ 15 sq. ft. =$2.55 PSF 
Factor: U x *F= 1.13 x 70* =79.10 I 



Using monumental (aluminum double-hung — Ceco or i 
equal) windows with 16" double-glazing for recom- | 
mended Wall No. 7: | 

'V 

Price: N.Y.C., installed, 3'-0"x5'-l 16" | 

frame — $75.00; glazing — $44.20 
Total: $119.20-M5sq.ft. = $7.94PSF i 

Factor: U x *F=.65 x 65*=45.50, or f 

Reduction of 42.5% of above factor of 79.10 | 

I. 

k 

Above prices are current volume installations in New | 
York City (Summer-'58); double-glazed units installed 
only above third floor up to minimize breakage; 
added benefit of double-glazed unit is reduced in- 
filtration losses (about 5%-8% - see comparative | 
sections) of improved frame, resulting in reduced in- i 
filtration factor in calculation of heat losses per room; \ 
check of material supply houses shows at least six | 
producers of aluminum double-hung windows which | 
can accommodate 16" double-glazing. | 
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Jsing for this wall (No. 7) a design temperature of 5 

fto 70"=65®F in lieu of present 0" to 70‘*=70"F. 

;;rhis is in line with suggestions made by engineering 

Irms during field interviews on subject. A typical 

livil wi iwaa ^vi^i ■ will 

r. ■•AlfAAle mAi>A 
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|_ "A Typical Housing Project"), reveals more than 
iadequate (10% factor) compensation for this sensible 
^change of design standards. 



'i 

J 

! Using standard (commercial aluminum double-hung — 
|Ceco or equal) windows with DSB glass for present 
I wall: 



I 

I Price: N.Y.C., installed, 3'-0" x 5'-1 V 2 " 

I frame — $30.00; glazing — $8.25 
I Total: $38.25-^15 sq. ft. = $2.55 PSF 

((Factor: U x *F = 1.13 x 70* =79.10 

k 



^ Using monumental (aluminum double-hung — Ceco or 
% equal) windows with V 2 ” double-glazing for recom- 

I mended Wall No. 7: 

i 

% 

% 

! Price: N.Y.C., installed, 3'-0" X 5'- 1 V 2 " 

I frame — $75.00; glazing — $44.20 
■\ Total: $1 1 9.20 -M 5 sq.ft. = $7.94 PSF 

1 Factor: U x *F = .65 x 65* =45.50, or 
i Reduction of 42.5% of above factor of 79.1 0 

< 

I Above prices are current volume installations in New 
I York City (Sumrner-'58); double-glazed units installed 
1 only above third floor up to minimize breakage; 
I added benefit of double-glazed unit is reduced in- 
filtration losses (about 5%-8% - see comparative 
; sections) of improved frame, resulting in reduced in- 
! filtration factor in calculation of heat losses per room,- 
I check of material supply houses shows at least six 
> producers of aluminum double-hung windows which 

i can accommodate V 2 " double-glazing. 
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We have now outlined the premises under which the 
final cost comparison of this portion of the report is 
to be mode. With these basic facts and figures — 
discussed with architectural and engineering offices 
who designed the housing project under construction 
in the Bronx — the present completely uninsulated 
exterior wall ("standard" wall shown on first page of 
this Chapter) can be compared cost-wise with the 
"recommended wall" (wall No. 7 modified as per 
alternate detail No. 1) two ways: using Styrofoam 
and single-glass and finally using Styrofoam and 
double-glass. First, a clear tabulation of these 3 wall 
types: 



2. Window (glr 
Glass accoun) 
From figures ^ 
Costs $ 2.5o 

* o r%e. 

$ 3.1C 
$15.5u! 



All of 
Room" 
this 



I 



A. The "standard" wall — single-glazed; uninsulated 



C. Recommended^ 



i 
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1 • Net (solid) wall costs are as follows: 

Net wall accounts for 22.6% of heat loss from average room. 
Costs $2.63 PSF to furnish and install (N.Y.C. ^58) 

$ .296 PSF of heating plant costs 
$ .32 PSF of heating bill for 10 years 
$1 .60 PSF of heating bill for 50 years 

2. Window (glass) wall costs are as follows: 

Glass accounts for 77.4% loss of heat from average room. 
Infiltration loss is 31.5%; glass loss is 45.9% 

Costs $ 2.55 PSF to furnish and install (N.Y.C. '58) 

$ 2.89 PSF of heating plant costs 
$ 3.10 PSF of heating bill for 10 years 
$15.50 PSF of heating bill for 50 years 

All of the above facts and figures from "Average 
Apartment Room" portion of this Chapter. 



1. Net (solid) .. 
Net wall acce 
Costs $2.61 
$ .13 
$ .14 " 
$ .72 



2. Window (glqi 
Glass account 
Infiltration ic ' 
Reduce infiltr^ 
Reduce glassy 

As suggested 
Thus total 
This is r.ow 







Costs $ 7.? 




B. Recommended wall (Wall No. 7) — single-glazed; insulated 


$ 2.8‘ 


2 


$ 2.4 






$ 3.1- 


I 




$ 2.6''^ 




1 • Net (solid) wall costs are as follows: 


$1 5.5^ 




Net wall accounts for 22.6% of heat loss from average room. 
Costs $2.61 PSF to furnish and install (N.Y.C. '58) 


$13.0* 


% 




s 


$ .13 PSF of heating plant costs 


i 

■a, 


J 


$ .14 PSF of heating bill for 10 years 


All of 




$ .72 PSP of heating bill for 50 years 


"Comp^ 



4* 

jH 



% 
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I 
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2. Window (glass) wall costs are as follows: 

Glass accounts for 77.4% of heat loss from average room 
From figures (A2) above: 

Costs $ 2.55 PSF to furnish and install (N.Y.C. '58) 

$ 2.89 PSF of heating plant costs 
$ 3.10 PSF of heating bill for 10 years 
$15.50 PSF of heating bill for 50 years 



All of the above figures from "Average Apartment 
Room" and "Comparative Cost Studies" (chart) of 
this Chapter. 



C. Recommended wall (Wall No. 7) — double-glazed; insulated 



1 • Net (solid) wall costs are as follows: 

Net wall accounts for 22.6%of heat loss from average room. 
Costs $2.61 PSF to furnish and install (N.Y.C. '58) 

$ .13 PSF of heating plant costs 
$ .14 PSF of heating bill for 10 years 
$ .72 PSF of heating bill for 50 years 
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2. Window (glass) wall costs are as follows: 

Glass accounts for 77.4% of heat loss from average room, 
infiltration losi is 31.5% and glass loss is 45.9% 

Reduce infiltration loss by 75% of 5% or 30.3% (better frames). 
Reduce glass loss by 75% of 45.9% or 31.3% (double>glazing). 

As suggested, this is 75% of total direct reduction. 

Thus total window loss (77.4%) reduced to 61.6%. 

This is now a direct saving of 15.8% of heat lost. 

Costs $ 7.94 PSF to furnish and install (N.Y.C. '58) 

$ 2.89 PSF of heating plant costs reduces to: 

$ 2.43 PSF (2.89 minus 15.8% x 2.89). 

$ 3.10 PSF of heating bill for 10 years reduces to: 

$ 2.60 PSF (3.10 minus 15.8% x 3.10). 

$15.50 PSF of heating bill for 50 years reduces to: 

$13.00 PSF (15.50 minus 15.8% x 15.50). 



All of the above facts and figures from first part of 
"Comparative Cost Studies" portion of this Chapter. 
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D. Combining information above for gross wall: 

(total wall area = 1 23.4 sq. ft.) 

(net (solid) wall = 91 .3 sq. ft.) 

(window wall = 32.1 sq.ft.) 

It is now possible to take unit costs of wall in place, 
heating plant costs and heating costs (as itemized in 
A ,B and C above) and multiply out these unit costs by 
total square feet of glass and net wall of our typical 
housing example and divide by 1 23.4 sq. ft. to arrive 
at combined gross costs per square foot of total wall 
(in place with equipment required to compensate for 
heat loss of each wall) for 3 possibilities: 

1. present "standard" wall — uninsulated 

2. recommended wall — wall insulated 

3. recommended wall — wall and glass insulated 



1. "Standard" wall (123.4 sq. ft.) — uninsulated: 



A: 



't 










Costs $2.61 PSF to furnish and install (N.Y.C. '58) 

$ .97 PSF of heating plant costs 

Thus, adjusted gross wall cost in place: I 

$3.58 PSF (wall and heat plant) | 

and: $1.00 PSF of heating bill for 10 years. I 

$5.00 PSF of heating bill for 50 years. f 

3 

2. Recommended wall (123.4 sq. ft.) wall with Styrofoam | 

Costs $2.59 PSF to furnish and install (N.Y.C. '58) | 

$ .85 PSF of heating plant costs. | 

Thus, adjusted gross wall cost in place: / 

$3.44 PSF (wall and heat plant) 

and: $ .91 PSF of heating bill for 1 0 years. I 

$4.55 PSF of heating bill for 50 years. | 

3. Recommended wall (123.4 sq. ft.) Styrofoam and double-glass 

Costs $3.98 PSF to furnish and install (N.Y.C. '58) I 

$ .73 PSF of heating plant costs i 

Thus, adjusted gross wall cost in place: | 

$4.71 PSF (wall and heat plant) | 

and: $ .78 PSF of heat bill for 10 years. | 

$3.90 PSF of heat bill for 50 years. | 

All of the above calculations completed as per first | 

paragraph above (D) and data in paragraphs (A), % 

(B) and (C). | 
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This second part of the comparative cost study indi- 
cates for the total exterior wall: 

As The recommended wall (solid wall Insulated only) 
costs $.14 less PSFto install in public housing work 
(immediate saving) and saves $.01 PSF each year 
of the heating bill (future saving). It is worth 
mentioning at this point that the typical housing 
project used throughout this study will have, when 
completed, approximately 84,650 square feet of 
total exterior wall enclosing 39 wings (excluding 
the additional walls of the central cores which 
conasted of a curtain-wall type of enclosure 
omitted in this study — i.e. - "wings" assumed 
closed-off at negligibly small core connection). 

B. The recommended wall (solid and glass wall in- 
sulated) costs $1 .13 more to install in public hous- 
ing work (immediate additional cost) and saves 
$.02 to $.03 PSF each year of the heating bill. 

Clearly, complete insulation (at least as theoretically 
established from confirmed field data in this report) 
is a long-range cost saving program. However, the 
initial extra cost is low enough and the savings in in- 
stallation and operating costs large enough to suggest 
that the Division of Housing investigate now or in the 
near future the possibilities of a fully insulated wall. 
Several suggestions to reduce high initial cost of 
double-glazing are offered to make this possible: 

Try a good wood window unit — balance low 
cost and low heat loss with high maintenance of 
unit. 

Experiment with commercial double-hung alumi- 
num window (70% less cost) adapted to accept 
double-glazing. 

Try out a good aluminum sliding window unit — 
presently available - easily takes double-glazing. 
Encourage more window companies to experi- 
ment with and produce lovt cost aluminum win- 
dows for double-glazing. 

Experiment with detailing a complete double- 
glazed window unit as integral part of a pre- 
fabricated wall — as part of Wall No. 8 or 10. 

On the other hand, insulation of the "net" exterior 
wall — omitting double-glazing of windows — is 
definitely an immediate cost saving program — as all 
the data in this report indicate. This applies for the 
present exterior wall as well as the proposed panel 
walls. Actual field evaluation of any of the insulated 
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walls would help establish just how liberal the re- k 
duced percentage of heat loss reduction is, set direct | 
relationships between insulated wall costs and costs of | 

installed heat plant and future fuel costs, and finally, | 

clearly establish the gross cost-in-place of an insulated ? 
exterior wall. This can not be recommended too | 
strongly. | 

i' 

It is a measure of the seriousness of this recommenda- | 
tion and of the intent to search out "ways of reducing | 

the cost of public housing" on the part of the New | 

York State Division of Housing that additional funds | 
have been made available by the Division of Housing f 
to carry out this recommendation. In the early part | 
of 1959 an Experimental Testing Shed was erected | 
on the campus of Pratt Institute with funds made avail- | 
able to the School of Architecture by the Division of | 
Housing. A slightly modified version of the "recom- | 
mended" wall of this report as approved by the Di- | 
vision of Housing was erected next to a panel of the | 
present "standard" wall. Every effort has been made | 
to duplicate actual field conditions for these two wall | 
panels. They ar© each mounted on a concrete frame | 
and each has one double-hung window unit in the ? 
middle of the panel in strict accordance with the final | 
drawings of the typical housing project mentioned in | 
this report. The rest of the shed encloses these 2 ex- | 
terior wall panels separately with proper insulation | 
and heating elements to simulate actual "average | 
opartment heating." Thermocouples and wall probes | 
have been built into each panel to register tempera- | 
tures, determine actual "U" values, check dew points, | 
etc. Detailing, construction and supervision of the | 
Testing Shed is under the direction of a research staff | 
of the School of Architecture at Pratt Institute. Testing | 
instruments have been supplied by and readings are | 
under the supervision of a research staff of Brooklyn I 
Polytechnic institute. In addition to funds, the New | 
York State Division of Housing furnished some build- | 
ing materials; Insulrock panels for the recommended I 
wall were furnished by the Insulrock Division of the | 
Flintkote Corp., East Rutherford, New Jersey; Styro- | 
foam panels for the recommended wall were fur- } 
nished by the Dow Chemical Co., New York City. It | 
is the aim of this research project to test these two | 
wall panels (and other panels if additional funds are | 
made available) for one complete winter heating | 
cycle. 
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THE INTERIOR ELEMENTS 



PiirtitieilS 

The first group of interior elements to be examined 
consists of interior partitions. This includes a study of 
all wail areas in public housing work other than the 
exterior wall. Partitions as considered in this section 
may be constructed of commonly used materials or 
may be constructed of relatively new materials. All 
materials suggested meet all the requirements of 
sound construction and good practice although not 
necessarily all of the present requirements of the New 
York State Division of Housing. 

In order to develop a comparative method of cost 
analysis, the partitions under consideration are divid- 
ed into the following subdivisions: 

a Partitions v^ithin apartments. 

b Partitions between public halls and 
apartments. 

c Partitions between elevators, stairs 
and halls. 

d Partitions between apartments. 



This area of construction has been investigated, to a 
great extent, because there has developed in public 
housing work a stereotyped selection of partition 
materials, even though suitable substitutes are now 
on the market, it is not the purpose of this report to 
recommend experimental materials, but to suggest 
those that have been successfully tested in many areas 
of private, semi-public and public construction. The 
Division of Housing does select excellent materials for 
its construction, but in almost all instances the mate- 
rials are more costly than the possible substitutes. 

A testing program (more extensive than the present 
limited program conducted under the direction of the 
Division of Housing) is suggested as a worth while 
way of investigating and specifying new materials 
which may prove to be far superior to present mate- 
rials accepted and specified without question in public 
housing work. 
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A detail section is shown of all partitions with com- 
ponent materials and sizes noted. Unit cost and 
Qvaibble technical data is also indicated. Each con- 
struction type is further described and examples of 
possible application shown. 



Although the cost saving possibilities of prefabricat- 
ing some or all of the interior partition elements within 
a typical floor have not been covered within the body 
of this portion of the report, it is not intended that this 
cost-reducing area be entirely overlooked. Because 
of the somewhat intangible cost data presently avail- 
able concerning prefabricated partition units (erected 
in place), it was decided to suggest in this introduction 
that the Division of Housing develop some type of 
thorough research program (in addition to the en- 
larged testing program recommended above) to in- 
vestigate under actual field conditions (i.e. • erection 
in occupied apartments) o variety of currently avail- 
able prefabricated partition systems which could be 
purchosed/ erected, tested and priced. So many 
workable prefabricated partition systems suggest the 
reduction of installation time ond cost that they merit 
close investigation by any public agency interested in 
the economical, efficient enclosure of space without 
sacrificing any livable quality within that enclosed 
space. 

The only Building Code revisions that would be re- 
quired to carry out any suggestions made here would 
concern the use of wood studs within apartments. The 
danger due to fire is virtually eliminated in this type 
of construction due to the surfacing of the studs with 
plaster or gypsum board. Each apartment would be 
separated from the next by fire-rated walls, ceilings, 
and floors. Construction of wood stud partitions with- 
in fireproof apartments is acceptable in other cities 
such os Washington, D.C. 

The cost information used in this Chapter was ob- 
tained with the cooperation of H. Nash Babcock, Con- 
sulting Engineer, Old Greenwich, Conn. These are 
averoge unit costs for low-cost housing erected on a 
lorge scale in New York City (Summer 1957) and will 
vary somewhat depending on building locality, com- 
plexity of partition loyout and condition of the market 
at bid time. 
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The floor plan shown below represents a typical wing 
of a project now under construction in New York City. 
This floor plan, and its variations, are duplicated 
approximately 400 times in 14 buildings in the pro- 
ject. All partition cost reductions will be compared to 
this plan to show a possible total project saving for 
each item considered. All partitions have a Trans- 
mission Loss (T.L.) rating stated in decibels. 



PARTITIONS WITHIN APARTMENTS 
PARTITIONS BETWEEN PUBLIC HALLS AND APAki 
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PARTITIONS BETWEEN ELEVATORS, STAIRS AND 
PARTITIONS BETWEEN APARTMENTS 



TYPICAL FLOOR PLAN - PROJECT WING 
PARTITION SYMBOLS 
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3»lan shown below represents a typical wing 
pnow under construction in New York City. 
I plan, and its variations, ore duplicated 
’ateiy 400 times in 14 buildings in the pro* 
^lortition cost reductions will be compared to 
‘ ' show a possible total project saving for 
^ considered. All partitions have a Trans* 
Sss (T.L.) rating stated in decibels. 
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Partitions: Within Apartments 

Va" lath and plaster on wood studs 

Typical plaster partition as used in non-fireproof con- 
struction. At present not permitted by Building Code. 
It is a durable partition — originally thought to be 
cheaper than 2" solid plaster but cost data proves 
otherwise. 

Weight: 1 9 lbs./ sq. ft. 

Fire rating: 1 hour 

T. L.: 38 decibels 

Cost: $1.26/sq. ft. 



Exposed 3" concrete block (alternate with 
sprayed cement or plastic finish) 

Used extensively as partitions for schools, residences 
and private apartments. Disadvantage of having 
rough surface which tends to accumulate dirt. Spray 
finish would eliminate this. (Example: Levitt Apart- 
ments - N.Y.C.) 

Weight: 20 Ibs./sq. ft. 

Fire rating: 1 hour (solid Wa/lite) 

Cost: $.50/sq. ft. 

Additional cost for spray finish would be between 
$.50 and $.60/sq. ft. per side. 





Vi" plaster on 3" structural clay tile 



Typical partition used in fireproof construction. Dur- 
able — withstands moisture. More expensive than 
gypsum block. 



Weight: 
Fire rating: 
T.L: 

Cost: 



28 lbs./sq. ft. 
Over 1 hour 
40 decibels 
$.92 /sq. ft. 




Va" plaster on 3" concrete block 

Durable and easily maintained surface. More expen- 
sive than gypsum and structural tile. 

Weight: 30 lbs./sq. ft. 

Fire rating: 1 hour 

T. L.: 45 decibels 

Cost: $1.1 2/sq.ft. 




PARTITIONS 



Exposed 3" concrete block (alternate vrith 
sprayed cement or plastic finish) 

Used extensively as partitions for schools, residences 
and private apartments. Disadvantage of having 
rough surface which tends to accumulate dirt. Spray 
finish would eliminate this. (Example: Levitt Apart- 
ments - N.Y.C.) 

Weight; 20 Ibs./sq. ft. 

Fire rating; 1 hour (solid Waylite) 

Cost; $.50/sq. ft. 

Additional cost for spray finish would be between 
$.50 and $.60/ sq. ft. per side. 









•tr£g 


■ * 1 •*. *L* • 




• 




s 






• *1 o 




- A 


•1 


. 


1 




;l 


• 1- ^ 






« 








• 


r-i-* : 


• ^ 



-ALTERNATE SPRAY FINISH 



r: 

or 



3* OR A* CONCRETE BLOCK 
VINYL ASBESTOS BASE 



BLOCK > ADDITIONAL COST 
OF t .0? 



Va** plaster on 3" concrete block 

Durable and easily maintained surface. More expen- 
sive than gypsum and structural tile. 

Weight: 30 lbs./sq. ft. 

Fire rating; 1 hour 

T.L.: 45 decibels 

Cost; $1.1 2/sq.ft. 




Vi” plaster on 3" gypsum block 

Typical partition used in fireproof construction. Light- 
weight, durable, and because of large size, 3 x 1 2 x 
30, easily erected. 

Weight: 21.8 lbs./sq. ft. 

Fire rating: 3 hour 

T. L.; 37.8 decibels 

Cost: $.88/ sq. ft. 




Y 2 *‘ plaster on W gypsum lath on 
wood studs 



Typical plaster partition used in non-fireproof con- 
struction. At present not permitted by Building Code 
in fireproof construction. A durable easily maintained 
partition. 



Weight: 
Fire rating: 
T.L.: 

Cost: 



9-16 lbs./sq. ft. 

45 minutes to 1 hour 
35^decibels 
$.88/sq. ft. 
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2" solid piaster 

Typical plaster partition used in New York City pro- 
jects. Advantages are that it is a thin and lightweight 
partition. 

Weight: 18 lbs./sq. ft. gypsum plaster 

Fire rating: 1 hour 

T. L.: 35 decibels 

Cost: $.92/sq. ft. 



OF PARTITION 
OF STUD 

— 3/4" CHANNEL STUD 
16“ O.C. 

4 - FIN. PLASTER 

3/4* EXPANDED 
METAL LATH 
SCORING 
METAL BASE 
— BASE CLIP 16" OC. 

V. FILL WITH BROWN 

PLASTER 



ASPHALT TILE FLOOR 







4-ply gypsum panel— (V' laminated gypsum 
core— wallboard laminated vertically 
each face) 

A standard commercial product which has been used 
successfully in many projects. A similar panel has 
been used by Metropolitan Life. Results in economies 
through reduction of installation time. 

Fire rating: 1 hour 

Cost: $.80/sq. ft. 
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solid gypsum lath and plaster 

A strong, durable partition which offers virtually the 
same physical characteristics as the typically used 
solid plaster partition, but has a cost advantage 
over it. 

16 lbs./sq. ft. • gypsum plaster 
Over 1 hour 
37.3 decibels 
$.68/sq. ft. 



Weight: 
Fire rating: 
T.L.: 



Cost: 






I 







o 

ERIC 

mm 



3-ply gypsum panel— gypsum core — 2 
sheets of 14" gypsum wallboard laminated 
vertically to each face. All lominations fac- 
tory made) 

A panel similar to that used in the Pentagon Building, 
Woshington, D.C. Potential use as a prefabricated 
element indicates more detailed study. Obvious 
economies easily justifies further investigation. 

Cost: $.60/sq. ft. 
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wallboard laminated vertically 
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d commercial product which has been used 
ifuily in many projects. A similar panel has 
^ di by Metropoliton Life. Results in economies 
reduction of installation time. 







^gypsum panel— gypsum core — 2 
^ oi V^" gypsum wallboard laminated 
^lly to each face. All laminations fac- 
i^ade) 

similar to that used in the Pentagon Building, 
igton, D.C. Potential use as a prefabricated 
!! indicates more detailed study. Obvious 
hies easily justifies further investigation. 

5 $.60/sq.ft. 




Vt!' gypsum wall board on wood studs 

At present this panel would not be permitted by the. 
New York City Building Code, If permitted, its cost 
savings might justify its use. The durability of a 
single V 2 " boord is questionable for low-income 
housing. 

Weight: SVi lbs./sq. ft. 

Fire rating: 40 minutes 

T, L.: 34.8 decibels 

Cost: $.51 /sq. ft. 




2-ply gypsum board on wood sfuds — 

(2 sheets gypsum wall board cemented 
together - joints filled and covered with tape) 

At present not acceptable in Class "k'* construction. 
Used considerably in non>fireproof construction. More 
durable than single sheet shown above. AAore eco- 
nomical than presently used solid plaster. 

Weight: 8 lbs./sq. ft. 

T.L.: 38.8 decibels 

Cost: $.79/sq. ft. 
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Partitions: Between 
Apartments 



Public Halls and 



The requirements for partitions between public halls 
and apartments are few and simple enough to allow 
the use of o variety of materials other than the pres- 
ently used A" glazed structural facing tile. The par- 
titions should be incombustible and hove at least a 
one-hour fire rating. Exposed concrete block may be 
inadvisoble for corridor use, from a maintenance 
point of view, due to the difficulty in cleaning. How- 
ever, sprayed surfacing (factory or site applied) on 
concrete block certainly has proved itself os a durable 
and easily maintained material and warrants con- 
sideration. The same is true for surfacing on concrete 
block similar to ''Marblox" and "Spectra-Glaze." 



4" faced concrete block 

Concrete block faced with applied or integrally sur- 
faced dense concrete. Material resists chemicals and 
stains to provide easily maintained surface. Example 
of integral surface is "AAarblox" now used by Newark 
Housing Authority. "Spectra-Gloze," an applied sur- 
face, is used in New York City schools. 

Fire rating: 1 hour 

Cost: "Spectra-Glaze" = $.92/sq. ft. 

"AAarblox" =$.85/sq.ft. 
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DENSE CONCRETE SURFACE 
CONCRETE BIOCX 
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4" glazed structurol feeing tile 

Glazed surface in corridor and Vi'* plaster in apart- 
ment. Typical partition used in public halls on New 
York City projects. A very durable material that is 
easily maintained, but it is a relatively expensive one. 

Weight: 27-30 lbs./sq. ft. 

Fire rating: 1 hour 

Cost: $2.20/sq. ft. 

H 4'/4* H 




FACING TILE 

'/2* PLASTER 



4" concrete block - Vi" plaster on corridor 

Plaster would offer a fair surface for maintenance. 
Use of a hard cement plaster is recommended. 

Weight: 27 lbs./ sq. ft. 

Fire rating: 1 hour 

Cost: $.83/sq. ft. (slightly higher for 

hard cement plaster) 
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faced concrete block 

increte block faced witb applied or integrally sur- 
d dense concrete. Material resists chemicals and 
: to provide easily iiiaiiitained surface. Example 
^ integral surface is "Marblox" now used by Newark 
. using Authority. "Spectra-Glaze," an applied sur- 
.V, is used in New York City schools. 

rating: 1 hour 

Jost: "Spectra*Glaze"=$.92/sq. ft. 

[ "Marblox" =$.85/sq. ft. 
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DENSE CONCRETE SURFACE 
CONCRETE BLOCK 



|4'^ concrete block - 14" plaster on corridor 

I Ploster would offer a fair surface for maintenance. 
1 Use of a hard cement plaster is recommended. 

I Weight: 27 lbs./ sq. ft. 

I Fire rating: 
i Cost: 



I 



1 hour 

$.83/sq.ft. (slightly higher for 

hard cement piaster) 
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PLASTER 

CONCRETE BLOCK 










Plastic or cement spray on 4" concrete block 

This surfacing on concrete block has been found to 
resist chemicals and stains so as to provide an easily 
maintained surface. An example of plastic spray is 
"Vitra>Spray" used in the Levitt Apartments. Cement* 
Enamel, a cement spray, has been used internation* 
ally. 

Fire rating: 1 hour 

Cost (incl. block): Cement spray $1 .13/sq. ft. 

Plastic spray $1 .03/sq. ft. 
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•SPRAY FINISH 
-CONCRETE BLOCK 
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Exposed 4" concrete block 

Used extensively os partitions for schools, residences, 
and private apartments. Disadvantage of having 
rough surface which tends to accumulate dirt. 

Weight: 21 lbs./sq. ft. 

Fire rating: 1 hour 

Cost: $.52/ sq. ft. 
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Partitions: Between Elevators, Stoirs 
ond Halls 

f 

6" glazed structural facing tile 

Glazed surface in corridor and Vi" plaster in stair. 
Typical partition used in New York City housing pro* 
jects. This is a very durable material that is easily 
maintained, but it is a relatively expensive one. 

Weight: 41 Ibs./sq. ft. 

Fire rating: 3 hours 

Cost: $3.80 
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GLAZED FACING TILE 
1/2" PLASTER 
METAL BASE 



6" concrete block, V%'* plaster on corridor 

Plaster on hail side would offer a fair surface for 
maintenance. Use of a hard cement plaster would 
be better. Exposed concrete satisfactory for stair. 

Weight: 35-40 ibs./sq. ft. 

Fire rating: 3 hours 

Cost: $.86/sq. ft. (slightly higher for 

cement piaster) 
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3" gypsum block and 2" glozed facing tile 

Facing tile exposed in elevator lobby. Glazed sur- 
face expensive but ideal for maintenance. 

Weight: 26 ibs./sq. ft. 

Fire rating: 3 hours 

Cost: $2.50/sq. ft. 
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3* GYPSUM BLOCK 
■2" SOAPS 



Plastic or cement spray on 6" concrete block 

This surfacing on concrete block has been found to 
resist chemicals and stains so as to provide an easily 
maintained surface. Spray used may be similar to 
"Vitra-Spra/^ (plastic) or Cement-Enamel. 

Fire rating: 3 hour 

Cost(incl. block): "Vitra-Spray" =$1.05/sq. ft. 

Cement-Enamel = $1.15/sq. ft. 
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CONCRETE BLOCK 

SPRAY SURFACE ON 
ONE OR TWO SIDES 
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Iicrete block, Vi" plaster on corridor 

I on hall side would offer a fair surface for 
liance. Use cf a hard cement plaster would 
. Exposed concrete satisfactory for stair. 

35-40 Ibs./sq. ft. 

4ing: 3 hours 

I $.86/sq.ft. (slightly higher for 

I cement plaster) 




^diemicals and stains so as to provide an easily 
fined surface. Spray used may be similar to 
|Spray" (plastic) or Cement-Enamel. 

iting: 3 hour 

ind. block): 'Vitra-Sproy" =$1.05/sq. ft. 

I Cement-Enamel =$1.1 5/sq. ft. 
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•CONCRETE BLOCK 

SPRAY SURFACE ON 
ONE OR TWO SIDES 
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Faced concrete block (6") 



Concrete block faced with applied or integrally sur- 
faced dense concrete. Material resists chemicals and 
stains to provide an easily maintained surface. Two 
examples are ''Marblox'' and ^'Spectra-Gaze." May 
have one or two finished surfaces. 

> 

Fire rating: ^ 3 hour 

Cost: "Spectra-Glaze" — 1 side =$1.02 

2sides=$1.45 
"AAarblox" —1 side =$ .95 
2 sides=$1.35 




DENSE CONCRETE SURFACE 

available on one or 

TWO SIDES 



Exposed 6" concrete block 

Used extensively for partitions in schools, residences, 
and private apartments. Disadvantage, for corridor 
use, is that it has a rough surface that tends to collect 
dirt. 



Weight: 30-35 lbs./sq. ft. 

Fire rating: 3 hour 

Cost: $.55/sq. ft. 
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Partitions: Retvtreen Apartments 

The requirements for partitions between apartments 
are based primaril/ on fire protection and sound re- 
duction. The partitions should be incombustible and 
should have ot least a one-hour fire rating. 

A noise reduction of at least 40 decibels in the 256- 
1024 cycles/second range is required by the Divis'^^n 
of Housing. 

There are many partitions that meet these require- 
ments, but the following are those that would prove 
to be the most economical. 



4-ply gypsum board— (1" laminated gypsum 
core — Va" well board laminated vertically 
each face) 

Standard commercial produq used successfully in 
many projects. A similar panel has been used in 
Metropolitan Life projects. Its use results in economies 
through reduction of installation time. 

Weight: 81^ Ibs./sq.ft. 

Fire rating: 2 hours 

T. L.: 41 decibels 

Cost: $.80/sq. ft. 




r INTERLOCKING GYPSUM CORE 

-I/a" GYPSUM WALL BOARD W/ 
TAPED JOINTS 
-METAL BASE 

FINISHED FLOORING 



2Va“ solid plaster 

Typical plaster partition used between apartments in 
New York City projects. Advantages are that it is a 
thin and lightweight partition. 

Weight: 20 lbs./ sq. ft. (gypsum plaster) 

Fire rating: 1 hour 

T. L.: About 40 decibels 

Cost: $.97/sq. ft. 



3/4" CHANNEL STUD 16" DC, 

FACE OF PLASTER 

3/4" EXPANDED METAL LATH 

SCORING 

METAL BASE 

BASE CLIP 16* O.C. 

FILL W/ BROWN PLASTER 
FINISHED FLOORING 




‘Si'- 

. .-*! .■■■«■ 
.n- . 



* .M 




PARTITIONS 



Va" plaster on 4" gypsum block 

Typical partition used in fireproof construction. Light- 
weight, durable, and because of large size, 4 x 1 2 x 
30, easily erected. 

Weight: 23.4 lbs./ sq. ft. 

Fire rating: 4 hours 

T. L.: 41 .6 decibels 

Cost: $.90/sq. ft. 
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^^ply gypsum board— (1" laminated gypsum 
^re— Vi" wall board laminated vertically 
ech face) 

jandard commercial product used successfully in 
lany projects. A similar panel has been used in 
Metropolitan Life projects. Its use results in economies 
'ough reduction of installation time. 



^ /eight: 
.‘ire rating: 
.L.: 

:ost: 

ft 



Ibs./sq. ft. 
2 hours 
41 decibels 
$.80/sq. ft. 




I* INTERLOCKING GYPSUM CORE 

-l/Z” GYPSUM WALL BOARD W/ 
TAPED JOINTS 
METAL BASE 

FINISHED FLOORING 



|V^" plaster on 4" gypsum block 



|T/pical partition used in fireproof construction. Light* 
|weight, durable, and because of large size, 4 x 12 x 
^30, easily eroded. 



|V/eight: 
IFire rating: 
tT.L: 

^Cost; 



23.4 lbs./sq. ft. 
4 hours 
41 .6 decibels 



$.90/sq. ft. 




Exposed 6" concrete block (alternate with 
sproyed cement or plastic) 

Used extensively os partitions for schools, residences 
and private apartments. Disadvantage of having 
rough surface which tends to accumulate dirt. Spray 
finish would eliminate this. Example: Levitt Apart* 
ments - N.Y.C. 



Weight: 
Fire rating: 
T.L.: 

Cost: 



30-35 lbs./sq.ft. 
3 hours 
40 decibels 
$.55/sq. ft. 




Plaster on 3" concrete block 

Durable and easily maintained surface. High noise 
reduction coefficient for use as apartment separation. 

Weight: 30 lbs./sq. ft. 

Fire rating: 1 hour 

T. L.: 45 decibels 

Cost: $1.1 2/sq. ft. 
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Comparative Graphs For Partitions 



On this page will be found, in graph form, a com- 
parative analysis of the preceding pages. The pur- 
pose is to give the reader a comparative cost picture 
at a quick glance. Although recommended partitions 
are designated, it should always be remembered that 
certoin criteria govern the selection of a suitable 
material for each specific design problem. At times 
economy alone is the governing factor, while in other 
instances it is maintenance. 

The primary purpose of this section is to show that 
there are alternate methods of constructing partitions, 
other than those adhered to by the Division of Hous- 
ing, that will result in considerable economies. 

Listed below are the approximate square foot re- 
quirements for the project previously mentioned at 
the introduction of this Chapter: 

1. Partitions within apartments: 

Approximately 1,250,000 sq. ft. 



2. Partitions between apartments and halls: 
Approximately 300,000 sq. ft. 



3. Partitions between elevators, stairs and halls: 
Approximately 150,000 sq. ft. 



4. Partitions between apartments: 
Approximately 250,000 sq. ft. 



By using these figures and the costs shown on the 
graphs, an overall cost savings may be readily arrived 
at. An example would be to take the cost differential 
between glazed structural tile and sprayed concrete 
block ($2.20— $1.03 = $1.1 7) and multiply by the 
applicable square foot requirement (300,000 sq. ft.) 
and arrive at a project cost savings ($351,000) for 
this particular item. Note that graph columns in white 
denote materials recommended for their economy. 
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The second group of interior elements to be examined 
consists of floor, ceiling and bathroom finishes. In 
some of the areas investigated a large immediate 
saving may be realized; while in others, the savings 
may only be brought about by a code revision per- 
mitting use of suggested finishes. 



The purpose of this section is again cost reduction, but 
it differs from the previous section in that the savings 
are not likely to be very large. In some cases the 
savings are very definite ones, but since they pertain 
to small areas the total cost reduction is small. An 
example of this is found in bathroom wall finishes. In 
other cases, the savings are questionable and may 
fluctuate. An example of this is in the finishing of con- 
crete slabs for ceilings. Although this pertains to a 
very large area, the cost differential between various 
methods is small and reversible. For this reason alter- 
nate bidding by contractors on this item is suggested 
to permit pricing flexibility. 
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The costs used are average unit costs for low-cost 
housing in New York City (Summer 1957) and will 
vary somewhat depending on color selections, amount 
of straight or corner work, and the condition of the 
market at bid time. 
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Finishes: Floors 



A variety of floor finishes are included to show possi- 
ble cost savings available with a change in materials. 
As with other construction materials used in low-in- 
come housing projects, selection of floor finishes has 
become stereotyped. To have the most economical 
floor, the concrete slab would be left exposed and 
untreated. Of course, this would not be satisfactory 
due to its coarseness and tendency to powder. Appli- 
cation of a dustproof covering would be an additional 
benefit, but the application would be a frequent main- 
tenance problem. 

A more satisfactory solution would be the addition of 
a concrete hardener to the structural slab. This would 
result in a suitable finish for low-income projects. If 
a more resilient finish is desired asphalt tile, which is 
currently used on almost all low-income projects in 
New York City, would be an economical, low first-cost 
solution. 

Vinyl-asbestos would be a better material where 
excessive wear necessitates constant replacement of 
asphalt tile. A five-year use period would see the 
recovery of the additional first cost, due to low re- 
placement and ease of maintenance. 

Another immediate cost savings of approximately 
$1.20/sq. ft. would be realized by substituting vinyl 
tile for quarry tile in elevator lobbies. 
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Exposed concrete slob with hardener 

Cost (hardener only): $.07/sq.ft. | 

A mixture of tough wear-resisting aggregates are 'j 
combined with mineral oxides. Applied to concrete I 
slab, as a dust coat, with a steel float or trowel, as | 
floor is laid. Combines integrally with the cement, | 
producing an extremely hard wear-resisting floor | 
finish with a uniformly colored surface. Generally | 
chemical and erosion resistant, reduces dusting. Dis- | 
advantage of having no resilience. 

Exposed concrete with dustproofing I 

Cost (dustproofing only); $.06/sq. ft. Vs" penetration | 

A liquid is applied to concrete surface, changing soft f 

granular topping into a dense mass which resists i 

severe wear and abrasion without dusting. Disad- I 
vantage is that it is similar to a paint coat and must 
be repeated at frequent intervals. | 






Quarry tile 

6"x6"xy2"red-%"joint 
Cost: $1.80/sq. ft. 

This hard-burned vitreous shale is now used in eleva- | 
tor lobbies of many New York City projects. Low 
absorption and a high resistance to abrasion and f 
acid. Has a low maintenance and a long life. Prin- 
cipal disadvantage is its very high cost. | 
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fconcrete slab with hardener 

1 

, :;ronIy): $.07/sq.ft. 

' of tough wear*resisting aggregates are 
,fwith minerol oxides. Applied to concrete 

2 dust coat, with a steel float or trowel, as 

Combines integrally with the cement, 
an extremely hard wear*resisting floor 
J a uniformly colored surface. Generally 
Jand erosion resistant, reduces dusting. Dis- 
^ of having no resilience. 

^ concrete with dustproofing 

T'proofing only): $.06/sq. ft. Vb" penetration 

applied to concrete surface, changing soft 
I topping into o dense mass which resists 
and abrasion without dusting. Disad- 
that it is similar to a paint coot and must 
-d at frequent intervols. 
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I tile 

|x Vi" red joint 

^80/sq.ft. 

f 

. ’d-burned vitreous shale is now used in eleva- 
yzz of many New York City projects, low 
: and a high resistance to abrasion and 
^ . a low maintenance and a long life. Prin* 
j idvantoge is its very high cost. 




Asphalt tile 

9" X 9" X Vs" 

"B" grade 
Cost: $.14/sq. ft. 

Grease resistance — poor 
Surface alkali resistance — excellent 
Solvent resistance — poor 
Durability — excellent 
Ease of maintenance — good 

Presently used extensively in all New York State 
housing projects. Initial low cost and, for areas of 
minimum traffic, low maintenance. 

Vinyl-asbestos tile 

9"x9"xV8" 

Cost: $.32/sq. ft. 

Grease resistance — excellent 
Surface alkali resistance — excellent 
Solvent resistance — excellent 
Durability — superior 
Ease of maintenance — superior 

Although more expensive than asphalt tile, vinyl- 
asbestos tile will stand up better under heavy traffic. 
It has been estimated that vinyl-asbestos tile will, be- 
cause of better maintenance and less frequent re- 
placement, recover the extra cost over asphalt tile 
within a five-year period. 





Vinyl tile 

9"x9"xV8" 

Standard grade 
Cost: $.60/sq. ft. 

Grease resistance — superior 
Surface alkali resistance — excellent 
Solvent resistance — excellent 
Durability — superior 
Ease of maintenance — superior 

Use of this tile as a substitute for quarry tile would 
result in a considerable cost savings. Vinyl tile is a 
satisfactory substitute fulfilling all necessary require- 
ments. 
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Finishes: Ceilings 



A possible area for a very small cost saving may be 
found in the finishing of the structural slab for ceil- 
ings. There are a few commonly used methods of 
finishing, and a few that have potential use. It was 
found in this study that the more commonly used 
methods are very similar in their costs. Due to this 
fact, it has been felt advisable to recommend that all 
projects have alternate bids submitted for: 

A. Grinding concrete 

B. Vs" thin-coat of plaster 

C. Stippled masonry paint on rough concrete 

A very basic savings may be realized by leaving the 
raw concrete untreated, but this is certain to draw 
severe criticism. 



Grinding exposed concrete | 

Cost: $.08/sq. ft. I 

Most common method of finishing ceilings 
come housing projects. Slab is ground to . 
protrusions, drips, snots, etc., and all hone' 
areas are filled. This method results in a 
form finish. Grinding is competitive with {.^ 
and painting. f 

Vz" thin coat of plaster | 

Cost: $.08/sq. ft. 

A ready-mixed material consisting of conf. 
plastering ingredients, other than sand, 
mixed with water to the proper consistenc 
applied and trowelled on the underside ofl 
Crete slab to a one-coat thickness of Vz". \ 

This finishing method has been used succe 
many projects including numerous housing i; 
Its price is definitely competitive with grinr 
with painting. ; 

Taped formwork 

Cost: $.12/sq. ft. I 

Taping the joints in plywood formwork 
suggested as a method of reducing the usuk 
after the slab has been poured and forms ; 
If properly done, it would eliminate any dr 
joints. This method would necessitate 
supervision. t 

Textured formliners 

Cost: $.15/sq. ft. I 

Rubber and plastic formliners are now av- 
use in concrete construction. Their use 
eliminate the need for further concrete| 
Rubber formliners with bold patterns have 
in Europe with much success. Formliners! 
paratively low in initial cost and reusable 
handled caref ully. \ 

>f 

Stipple-textijre paint | 

Cost: $.08/sq. ft. 

Made of latex and resins this paint is tc; 
plaster and more durable than ordinary^ 
primers, sealers, or undercoats are necessC 
this material eliminates the necessity of» 
finish treatment to the rough concrete sic 
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‘inding exposed concrete 

^ost; $.08/sq. ft. 

lAOSt common method of finishing ceilings in low-in- 
bme housing projects. Slab is ground to remove all 
irotrusions, drips, snots, etc., and all honeycombed 
ireos are filled. This method results in a smooth uni- 
' /ni finish. Grinding is competitive with plastering 
d painting. 

thin coat of plaster 

^!ost: $.08/sq. ft. 

ready-mixed material consisting of conventional 
^alastering ingredients, other than sand, that are 
jnixed with water to the proper consistency. This !::> 
applied and trowelled on the underside of the con- 
Vete slab to a one-coat thickness of Vz", 

This finishing method has been used successfully in 
:inany projects including numerous housing projects. 

price is definitely competitive with grinding and 
}With painting. 

iTaped formwork 

|Cost: $.12/sq. ft. 

^Taping the joints in plywood formwork has been 
^suggested as a method of reducing the usual finishing 
Rafter the slab has been poured and forms removed. 
Ilf properly done, it would eliminate any dripping at 
f joints. This method would necessitate very close 
^supervision. 

I Textured form liners 

I Cost: $.15/sq. ft. 

fRubber and plastic formliners are now available for 
^iuse in concrete construction. Their use would help 
f eliminate the need for further concrete finishing. 
I Rubber formliners with bold patterns have been used 
I in Europe with much success. Formliners are com- 
1 poratively low in initial cost and reusable often, if 
I handled carefully. 

I Stipple-texture paint 

I Cost: $.08/sq.ft. 

\ Made of latex and resins this paint is tougher than 
r plaster and more durable than ordinary paint. No 
I primers, sealers, or undercoats are necessary. Use of 
I this material eliminates the necessity of any other 
f finish treatment to the rough concrete slab. 

i- 











Ji 

■I 



Si 

1 














wV 








I 



f 






i. 

t} 



A 













im 



'inishes: Bathroom Walls 

% 

*( 

s. 

“S’ 

'Although bathroom wall finishes represent aniy a 
"^small portion of the total area in an apartment, these 
inishes are usually of a very expensive material. To 
■ air credit, it must be said that they are very durable, 
.r the Division of Housing desires to reduce the cost of 
construction, even in small amounts, it is probable 
^that a reasonable amount may be saved in a substi- 
atution of bathroom finishes. 

\t present there is approximately 40 sq. ft. of wall 
jrea, per bathroom, that Is finished with ceramic tile, 
^-eramlc tile bath tub enclosures are, of course, highly 
^desirable, but can hardly be justified because of high 
|cost. As will be shown, there are a variety of substi- 
fute materials that are much more economical. 



y plaster with laminated plastic finish 

firormica/ Consoweld, etc.) 

■> 

fA laminate surfacing material that resists stains, acids, 
rdkalies and is water resistant. It is virtually main- 
ftenance free. 

t 

'°laster cost; $ .85 

IPIastic cost: 4.73 

STotal $5.58/sq. ft. 

¥ * 

|This cost is exceptionally high but it is for convention- 
*al use of the material. A manufacturer has offered a 
tunit tub encloseure for $58. Adding a 25% overhead 
jand profit, we get $72.50 or $1.80/sq. ft. instead of 
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2" plaster wall finished with asphalt tile 

9" X 9" X Va " — grade w/metal trim 
Plaster cost; $ .85 
Tile cost: .18 

Total $1 .03 

This wall is not acceptable by present standards, but 
certainly bears more examination because of its com- 
paratively low cost. Its use with proper adhesive 
should present a durable material. 




2" plaster finished with vinyl tile 

9" X 9" X Va ” — standard gauge vinyl tile w/ metal trim 
Plaster cost; $ .85 
Tile cost; .80 

Total $1 .65 

A somewhat theoretical wall material. A very durable 
and maintenance free tile that has proven itself as a 
floor covering. Certainly its potential use should be 
examined. 
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'ster wall finished with asphalt tile 

— "B" grade w/metal trim 
fcost: $ .85 

it: .18 

^ $1.03 



ill is not acceptable by present standards, but 
bears more examination because of its com- 
|ely low cost. Its use with proper adhesive 
ipresent a durable material. 
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jaster finished with vinyl tile 



/ X Vs " — standard gauge vinyl tile w/metal trim 
I cost: $ .85 

DSt: .80 

i $1.65 



“ewhat theoretical wall nnaterial. A very durable 
ointenance free tile that has proven itself as a 
revering. Certainly its potential use should be 
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2 " plaster finished with plastic wall tile 

4" X 4 " — standard grade field tile 
Plaster cost: $ .85 

Tile cost: 1.10 

iwivii ^ ! .TO/ SCj. IT. 

An inexpensive and durable wall covering that is 
waterproof. It is made of polystyrene. It has been 
used widely as a bathroom wall covering and is 
approved by the F.H.A. 




2'' plaster wall finished with ceramic tile 

Ceramic glazed semi-matt wall tile, standard grade, 
4V4''x4V4" 

Plaster cost: $ .85 

Tile cost: 1 .60 

Total $2.45/sq. ft. 

This is a very durable material that requires a mini- 
mum of maintenance. It has an impervious finish 
composed of ceramic materiols fused on the surface 
of a fired clay body. The surface will not absorb 
stains. It is used in almost all housing projects. 
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Plastic or cemerst spray on 3" concrete block 

Cost (incl. block); Plastic spray = $1 .00/sq. ft. 

Cement spray = $1 .1 0/sq. ft. 

This surfacing on concrete block has been found to 
resist chemicals and stains so as to provide an easily 
maintained surface. Plastic spray was effectively used 
in the bathrooms of the Levitt Apartments in Queens, 
N.Y.C. 



Faced concrete block (4") 

Cost: "Spectro«Glai:e"=$.92/sq. ft. 

"Marblox" =$.85/sq. ft. 

Concrete block faced with applied or integrally sur- 
faced dense concrete. Material resists chemicals and 
stains to provide cm easily maintained surface. Two 
examples are "Marblox" and "Spectra-Glaze." The 
very definite cost savings here .should be examined 
further. 
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Portland cement-lime plaster finish on 
2" plaster wall 

Cost: Approximately $1.19 

Portland cement-lime plaster is used in areas subject 
to high moisture conditions. Its use would alleviate 
the necessity for applying a finishing material over 
the plaster wall. Not as durable or as maintenance 
free as other materials but certainly an economical 
solution to the problem. It has been used effectively 
in many similar installations. 



Point coot of semi-gloss enamel on 
2" plaster woll 

Plaster cost: $.92 

Enamel cost; .07 

Total $.99 

This certainly offers, by far, the greatest economy as 
a bathroom wall finish. Its very low initial cost may 
make up for periodic maintenance. This recommend- 
ation was offered in a cost reduction report by the 
New York City Housing Authority. 
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/Qced concrete block (4") 

STost: "Spectra-Glaze" = $.92 /sq. ft. 

I "Marblox'' =$.85/sq. ft. 

i 

jConcrete block faced with applied or integrally sur> 
ifaced dense concrete. Material resists chemicals and 
^stains to provide an easily maintained surface. Two 
texamples are ''Marblox'' and ''Spectra-Glaze." The 
tvery definite cost savings here should be examined 
1 -further. 




I Paint coat of semi-gloss enamel on 
I 2" plaster wall 

I Plaster cost: $.92 

I Enamel cost: .07 

I Total $.99 

I This certainly offers, by far, the greatest economy as 
I a bathroom wall finish. Its very low initial cost may 
I make up for periodic maintenance. This recommend- 
I ation was offered in a cost reduction report by the 
I New York City Housing Authority. 




Finishes: Bathroom Floors 



The presently used materials for these surfaces, al- 
though functionally Ideal, are economicaiiy unjustfied. 
A variety of reasonable cost reducing substitutes are 
suggested. Again the total project savings will be 
proportionately small because of the small area under 
consideration. The floor finish, at present, is ceramic 
mosaic tile. This covers an area of approximately 
20 sq. ft. A very economical substitute foor covering 
would be asphalt tile. Use of asphalt tile would 
amount to a savings of approximately $25/bathroom 
or $40,000 in a 1600 unit project. 



Ceramic mosaic tile 



Standard grade square one color 

Cost: $1.40/sq. ft. ' 

Presently used bathroom floor finish. Covers an area 
of approximately 20 sq. ft. A very durable and main- 
tenance free flooring. 

A highly desirable finish, but one that should be 
eliminated because of its high cost. Acceptance of 
this material has become too stereotyped. 

Asphalt tile 



9''x9"xy8''— ''B"grade 
Cost: $. 14/sq.ft. 

Presently used extensively in all New York State 
Housing projects for rooms other than baths. It is a 
durable floor covering with a relatively good ease of 
maintenance. Because of its low initial cost, its use 
certainly should be examined. Its use has been rec- 
ommended by the New York City Housing Authority 
for bathrooms. 
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4 Comparative Graphs For Finishes 
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On this page will be found, in graph form, a com- 
parative analysis of the preceding pages. The pur- 
pose is to give the reader a comparative cost picture 
at a quick glance. Although recommended finishes 
are designated, it should always be remembered that 
certain criteria govern the selection of a suitable 
material for each specific design problem. At times 
economy alone is the governing factor, while in other 
instances it is maintenance. 

The primary purpose of this section is to show that 
there are alternate methods of finishing ceilings, 
floors, and bathrooms other than those adhered to by 
the Division of Housing, that will result in reasonable 
economies. 



Listed below are the approximate square foot require- 
ments for the existing project previously mentioned: 

1. Ceiling area: 

Approximately 1 ,300,000 sq. ft. 

2. Floor area (excluding elevator lobbies and bath- 

rooms): 

Approximately 1,000,000 sq. ft. 
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3 . Elevator lobby floor area: 
Approximately 30,000 sq. ft. 



4 . Bathroom floor area: 

Approximately 32,000 sq. ft. 



5 . Bathroom walls (tub enclosures): 
Approximately 16,000 sq. ft. 
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By using these figures and the costs shown on the 
graphs, an overall cost saving may be readily arrived 
at. An example would be to take the cost differential 
between ceramic mosaic floor tile and asphalt floor 
tile ($1.40— .14 = $1.26) and multiply by the square 
footage (32,000 sq. ft.) and arrive at a project cost 
savings ($40,320) for this item. Note that graph 
columns in white denote materials recommended for 
their economy. 
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RoductSon of CeilinR Height 



This very controversial subject is presented in this 
section to show the savings possible through a code 
change. If the reader will approach this suggestion 
analytically and not interject preconceived subjective 
feelings, he will see that it has very definite possibili* 
ties. The criticism that the space becomes repressive 
is believed to be in actuality a misconception when 
applied to the tightly organized living and sleeping 
areas found in most public housing projects. 

Represented across page is a suggested change in 
ceiling height from the current minimum height of 



8'<0" to a proposed new height of 7'*6" with a result* 
ant savings in materials and space. The first diagram 
shows a cross-section through o typical living room 
and public hall of a current New York City housing 
project. The length of the living room and width of 
the hall are the exact dimensions taken from this pro- 
ject. Exposed block is shown as the finish to illustrate 
how this material might appear in context with sur- 
rounding furniture and fixtures. The proposed 7'-6" 
height is drawn as the heavy black outline in the illus- 
tration, the current minimum height of 8'-0" is shown 
as the dotted lines above. All the furniture and fix- 
tures are drawn to the exact scale in length and 
height. The standing man is drown as 5'-9" in height. 
From this graphic illustration, it can easily be seen 
that the proposed 6" drop in standard height does 
little to destroy the human scale of the room. As can 
be seen, there is no sense of crowding or feeling of 
being "pinched in." It is believed that the vast major- 
ity of people, including most architects, would find it 
virtually impossible to perceive the change in height 
between 8'*0" and 7'-6" end as a result would find 
the enclosed volume as livable at 7'-6" as it was at 
the conventional 8'-0" ceiling height. 

The second diagram shows a cross-section taken 
through a 16 story structure and illustrates the sav- 
ings in volume, floor by floor, of the 7'-6" ceiling 
height. At the top of the structure, the overall volume 
is finally realized. It is one complete 8'*0" ceiling 
height story! Taking this one complete story height 
and cubing it, according to the overall dimensions of 
one typical wing of the current housing project used 
as a comparison throughout this study, there will be 
realized a total saving in cubage of 29,440 cu. ft.! 
in materials this would mean a total floor-to-ceiling 
height saving on all columns ond reinforcing steel, 
one story height of 4" brick and 6" block back-up, 
one story height of wall plastering, one story height 
of interior partitions, one story height of corridor 
wall, one story height of all plumbing risers and 
stacks, one story height of electrical conduit — plus 
the labor cost of installing all this material. As can 
be easily seen, the savings involved would come out 
to be quite a large sum per project with no loss in 
livability of the project. Another saving would be 
realized through the resulting reduction of required 
heating per cubic foot of apartment. 
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CHAPTiR FIVi — MECHANICAL EQUIPMENT 
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The possibilities for economy in the plumbing and 
heating systems are examined in this Chapter. The 
electrical work offered little opportunity for cost sav- 
ings (other than the skip-stop elevators noted in Chap- 
ter One) and nothing on that subject is reported here. 

Substantial economies can be achieved in plumbing, 
but not immediately. The most important cost savings 
proposals involve changes in the building code or in 
union regulations. The present New York City code 
prohibits the use of copper tubing and "loop-venting," 
although both are permitted by the New York State 
code and by most other codes. Both would permit 
considerable economies. Copper tubing, which is 
used almost everywhere in fhe country except New 
York City, actually costs more than ferrous pipe, but 
the saving in labor and the reduction in pipe sizes 
made possible by its smoothness and the fact that no 
allowance need be made for corrosion, results in 
overall economy. If copper tubing is also used for the 
waste and vent system, the marked reduction in the 
amount of space occupied by the piping is a further 
source of cost savings. 












The present New York City code requires a separate 
vent for each fixture. If the much simpler "loop-vent" 
were permitted, it would greatly reduce the number 
of vent connections required, with a corresponding 
reduction in cost. 

* ^ 

Prefabrication of plumbing can effect very substantial 
savings. Prefabrication is not forbidden by the code, 
but it is not looked upon with favor by the plumbers' | 

union. However, this understandable prejudice has 
been overcome in other cities, and a serious effort 
should be made to bring about acceptance of pre- < 

fabrication in New York. Prefabrication will save | 

money regardless of the material used, but copper 
because of its light weight, is ideally suited for such ... 
use. Large pre-assembled sections of copper tubing i 

can be carried by one man, whereas assemblies of 
cast iron pipe are difficult to handle because of their 
weight. i 



A small saving in plumbing is immediately available 
through the use of above-floor plumbing. Newly de- 
signed bathtubs and toilets with wall outlets, recently 
introduced on the market, eliminate the necessity for 
cutting through the floor slab, except for stacks. The 
fixtures are more expensive than the conventional I 
ones, but the saving in labor more than makes up for 
it. Above-floor plumbing also eliminates exposed j 
pipes on bathroom ceilings, as well as the annoying | 

sounds that come from them. | 

% 

I 

Heating, unlike plumbing, involves no conflicts with 
codes or unions. But it is a field in which there is no ! 

unanimity of opinion and a scarcity of proven facts. | 

Several alternatives to the two-pipe vacuum system 
now used were examined and two of them — one- 
pipe steam and one -pipe hot water — were selected | 
for more thorough study, including detailed cost com- f 
parisons. The savings indicated by this study suggest | 
that the State Division of Housing might do wejl to | 

have an alternate heating design prepared for one of ! 

its current projects, so that alternate bids could be | 
obtained. Probably the most substantial reduction in | 
heating costs is that resulting from the insulation of | 
the wall, as discussed in detail in Chapter Three. I 
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This portion of the study will examine three areas 
where major savings can be effected in the initial 
cost of the plumbing and drainage contract on hous- 
ing developments. Changes in two areas would re- 
quire revisions in the plumbing section of the ad- 
ministrative Building Code of the City of New York. 
Suggested changes in all three are permitted under 
the provisions of the New York State Construction 
Code: 



The suggestions for changes in the three areas are: 



1. A change in the material used for both water 
supply and drainage lines. The accepted materials 
for use in New York City are galvanized steel and 
cast iron for plumbing and drainage respectively. 
The first area investigated with suggested changes 
will be: "A Copper Plumbing System." 



2. A change in the tub and water closet fixtures. 
The conventional tub is 5'-0" long and its waste 
connection runs beneath the floor. The standardly 
used water closet rests directly on the floor for sup- 
port and has its soil connections under the floor. The 
second area investigated will be "Off-the-Floor 
Plumbing." 



i 3. The third investigation will attempt to ascertain 

I the cost savings inherent in adopting the state and 

national plumbing codes requirement for venting 
\ known as "Loop Venting." 



V 



ERIC 






'm 






mm 



\ 










1. "A COPPER PLUMBING SYSTEM" 



Copper water tube with soldered joints has been used 
throughout the United States with almost complete 
unanimity. The only important area which does not 
permit its use is New York City. Copper tube has, in 
recent years, been widely accepted for sanitary and 
storm drainage lines in plumbing and drainage sys- 
tems and its use is steadily increasing. It should be 
noted that the New York State Building Code permits 
the use of copper tubing for both water supply and 
drainage systems. The use of copper for both water 
supply and drainage systems, now prohibited by the 
Plumbing Section of the administrative code of the 
City of New York, would allow for substantial savings 
to be effected in the plumbing and drainage contract. 

Copper tubing comes in nominal sizes from to 12", 
furnished in 20 foot lengths and in coils up to 100' 
long. They are available in all standard wall thick- 
nesses — Types K, L, M, and DWV. Type K tube has 
the heaviest wall and is used for underground lines 
for all purposes. Type L tube is recognized as the 
standard tube for water supply and heating lines. It 
is lighter in weight than Type K tube, but may be used 
for drainage lines buried underground within the 
building. Type M tube, and Type DWV tube which 
are lighter in weight than Type L tube, are used in 
drainage for soil, waste and vent lines but should not 
be used for underground drainage lines. 

The cost saving to be gained by the use of copper in 
plumbing and drainage systems can be divided into 
four general categories (none of which include the 
savings in maintenance costs over the years due to 
copper's immunity to rust, high resistance to corro- 
sion, and greatly reduced chance of clogged lines) 
they are: 



A — Space savings 
B — Reduction in pipe sizes 
C — Economy of installation 
D — Prefabrication 



PLUMBING 



A 



SPACE SAVINGS 



Whenever copper tube is substituted for cost iron 
drainage lines there is a savings to be effected in the 
construction costs, because extra wide plumbing walls 
are not needed. The space savings come about due 
to the elimination of the bell and spigot joint in favor 
of a soldered joint and also the thinner wall of copper 
tube over cast iron pipe. 

The space saving which would be further increased 
by the reduction of copper pipe sizes, to be discussed 
next, amounts to approximately 1 .2 square feet per 
plumbing wall, a substantial saving when multiplied 
by the total number of plumbing walls involved. 




COPPER VS. CAST IRON PIPING 
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Many building codes throughout the country all 
reduction in required drainage sizes when cC 
tube is substituted for cast iron pipe. This red! 
is due to the better hydraulic qualities of the 
clean inner surface of copper tube as compc^^ 
sand cast iron pipe, plus the fact that coppe^ 
munity to rust prevents natural reduction in pip 
The smoother inside surfaces of tubes and fittinc 
lessen considerably the possibility of clogging^ 
in allowing the use of soldered copper tubiii 
drainage lines in New York City, as suggest) 
realistic building code should also make some c 
ance for its better hydraulic qualities. A nc^ 
reduction in one pipe size is generally recomme^ 
The cost savings in reducing all drainage line 
size is obvious. A further savings in reducirt 
amount of space required for drainage lines, ^ 
plained previously, is also obtained. > 

On the basis of inside surface conditions, pipe? 

be classified as smooth, fairly rough and rour 

follows: s 

> 

I 

I 

Smooth: The pipe surface shows no percw 
roughness. Pipes made of copper, brass, or lec? 
usually be classified as smooth. f 

I 

I 

k* 

Fairly rough: All ordinary pipes, such as w' 
iron, galvanized iron, steel and cast-iron, after 
years of usage, may be called fairly rough. | 

a‘ 

I 

f 

Rough: Pipes that have deteriorated fairly 
for some 10 or 15 years after being laid, ar»^ 
fied as rough. | 

I 

i 

i 

Pipe friction losses corresponding to these thref 
of pipes for various nominal diameters for 
temperature of 50° F are shown on the fc 
charts. | 

I 














REDUCTION IN PIPE SIZES 



?jT 

any building codes throughout the country allow a 
Eduction in required drainage sizes when copper 
3e is substituted for cast iron pipe. This reduction 
fdue to the better hydraulic qualities of the smooth 
(Mn inner surface of copper tube as compared to 
ind cost iron pipe, plus the fact that copper's im- 
Junity to rust prevents natural reduction in pipe size. 

r smoother inside surfaces of tubes and fittings also 
)ssen considerably the possibility of clogging lines. 
; allowing the use of soldered copper tubing for 
'oinage lines in New York City, as suggested, a 
olistic building code should also make some allow- 
^ice for its better hydraulic qualities. A nominal 
' duction in one pipe size is generally recommended. 
/ : cost savings in reducing all drainage lines one 
is obvious. A further savings in reducing the 
mount of space required for drainage lines, as ex- 
ilained previously, is also obtained. 

3n the basis of inside surface conditions, pipes may 
r classified as smooth, fairly rough and rough, as 
allows: 

\ 

imooth: The pipe surface shows no perceptible 
^bughness. Pipes made of copper, brass, or lead may 
sually be classified as smooth. 

■I 

s 

1. j 

rairly rough: All ordinary pipes, such as wrought 
[iron, galvanized iron, steel and cast-iron, after a few 
"^feors of usage, may be called fairly rough. 



lough: Pipes that hove deteriorated fairly rapidly 
"or some 10 or 15 years after being laid, are classi- 
~ed as rough. 

, ’ipe friction losses corresponding to these three types 
of pipes for various nominal diameters for a water 
omperature of 50* F are shown on the following 
charts. 
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CHART 1 SMOOTH 
now CHART FOR COPPER TUBING 



MICTION U05S IN MEAD IN U8S. PCR SO. IN PER 100 FT. UENCTH 
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FRICTION LOSS IN HEAD IN LBS* PER SQ*INg PER 100 FT LENBTM 
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Charts 1/ 2 and 3 

Rtprinftd from Hooting Vontiloting 
Air Conditioning Guido 1958# 
by pormisiion of Amoricon Socioty 
of Hooting, Rofrigoroting ond 
Air*Conditioning Enginoort, N.Y.C. 
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CHART 2 FAIRLY ROUGH 

HOW CHART FOR FAIRLY ROUGH PIPE 



friction loss in HCAO in LBS.PCR SO. IN. PCR lOOPT. LCNCTH 




CHART 3 
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FRICTION LOSS IN HEAD IN LBS,PCR SO. IN. PCR tOO FT. LCNCTH 
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C ECONOMY OF INSTALLATION 



Copper tubes for drainage systems and supply sys> 
terns are assembled with cast bronze solder-type fit- 
tings which come in a complete line of elbows, tees, 
couplings, adapters, regular and long-turn Y branches 
and T-Y's, traps, closet and floor flanges, etc. There 
is a correct fitting for every part of every job. Many 
plumbing contractors have found that the normal time 
needed for roughing-in a cast iron and steel pipe sys- 
tem can be reduced as much as one-half with the use 
of copper tube. Work can be done quickly with the 
light weight tools used with copper tube, eliminating 
the heavy equipment and extra time required for 
threaded pipe and caulked-and-leoded-pipe assem- 
blies. Cutting copper tube to exact dimensions is 
relatively fast and easy with a hacksaw or wheel cut- 
ter, along with the fact that standard 20' lengths 
eliminate many joints. Solder joints can be made 
easily in restricted places without worrying about 
wrench space, and copper tube with compact fittings 
give greater freedom of placement reducing cutting 
and patching costs. 



Although copper has successfully been used on high 
rise apartment structures for both drainage and sup- 
ply systems accurate figures on the cost savings re- 
sulting cannot be obtained. Since actual figures on 
copper systems in individual homes are available, 
these figures will be presented here, on the assump- 
tion that the cost savings to be found in an individual 
application can be extrapolated to a multiple appli- 
cation. It must be noted that for high rise structures 
where fixture unit loads on the drainage system 
attain high magnitudes, large size bronze fittings may 
not be available at this time, but these fittings will 
undoubtably become plentiful with demand. The sav- 
ings due to the use of copper in the estimates based 
on single units would in all probability be higher for 
a multi-story building. These savings would run ap- 
proximately 10% of the total roughing cost. 
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A comparative cost of copper vs. cast iron and steel 
plumbing and drainage installation is itemized below. 
These estimates were made for a 7-room, 1 V 2 bath, 
ranch-type house, and under actual field conditions 
with these results: 



HOT AND COLD WATER LINES 
USING GALVANIZED STEEL PIPE 

tAi 2/j! n»iu t 



14' 


34" 


Galv. pipe 


$ 2.38 


220' 


1/2" 


Galv. pipe 


28.64 


32 


1/2" 


Galv. ells 


5.37 


6 


^2X3/8" 


Galv. ells 


1.66 


1 


34" 


Galv. ells 


.21 


5 


1/2" 


Galv. ells 45* 


.91 


14 


1/2" 


Galv. tees 


3.26 


1 


34x1^2" 


Galv. tees 


.51 


1 


34xy2X’/2" 


Galv. tees 


.51 


27 


1/2" 


Galv. nipples 


2.49 


1 


34" 


Galv. nipples 


.12 


3 


1/2" 


Galv. unions 


1.61 






Misc. 


1.00 






Hangers 


1.00 








49.67 




Labor 16 hours ® $5.55/hour ' 


88.80 








$138.47 


HOT 


AND COLD 


WATER LINES 


USING COPPER 


WATER TUBE 




14' 


34" 


"L"CWT 


$ 4.96 


220' 


1/2" 


"L"CWT 


54.21 


2 


34" 


Adapters 


.36 


6 


1/2" 


Adapters 


.60 


6 


^2X3/6" 


Ells 


.96 


6 


1/2" 


Ells 


.96 


26 


1/2" 


Ells 


2.14 


1 


34" 


Ells 


.17 


5 


1/2" 


Ells 


.50 


14 


1/2" 


Tees 


1.68 


1 


34x1/2" 


Tees 


.26 


1 


34 X 1/^ X 16" 


Tees 


.26 


3 


1/2" 


Unions 


.90 






Hangers 


1.00 






Misc. 


3.00 








71.96 


Labor 1 0 hours ® $5.55/hour * 


55.50 








$127.46 



DRAINAGE LINES 
USING CAST IRON PIPE 

Onl AH M ^ I 



92' 


4" 


H.C.I. pipe 


$110.40 


3 


4" 


14 bends 


5.01 


1 


4" 


DBL T-Y 


8.27 


1 


4" 


T-Y 


2.00 


3 


4x2" 


Tap tees 


6.36 


4 


4x116" 


Tap tees 


8.48 


1 


4x114" 


Tap tees 


2.12 


1 


4" 


C.O. 


1.57 


2 


1 V2" 


BIk. plugs 


.34 


2 


4" 


Roof flanges 


6.00 


105 


lbs. 


Lead 


22.05 


11 


lbs. 


Oakum 


4.29 


5' 


114" 


Galv. W.l. pipe 


2.86 


25' 


1 V2" 


Galv. W.l. pipe 


16.77 


4' 


2" 


Galv. W.l. pipe 


3.81 


1 


114" 


DR. ell 


.51 


2 


1 V2" 


DR. ell 


1.54 


1 


2" 


Stringer cpig. 


1.65 


1 


114" 


DR. 45* ell 


51 


3 


IV2" 


DR. 45* ell 


2.21 


1 


114" 


DR. tee 


.83 


2 


1 V2" 


DR. tee 


2.20 


1 


2" 


DR. tee 


1.82 


1 


2x2x116x116" 


Cross 


2.70 


2 


114" 


Slip & caulk 


1.92 


2 


114" 


Galv. nipples 


.44 


6 


116" 


Galv. nipples 


158 


1 


2" 


Galv. nipples 


.34 


1 


2x114" 


Bushing 


.46 


1 


1 Va" 


Galv. plug 


.22 


1 


1 Vz" 


Galv. plug 


.29 


1 


2" 


Galv. plug 


.42 


36' 


1 Vz" 


Galv. sti. pipe 


13.72 


2' 


2" 


Galv. stI. pipe 


1.04 


6 


1 Vz" 


Galv. ells 


5.06 


3 


1 V2" 


Galv. nipples 


.79 


1 


2x116" 


Galv. coupling 


.96 


1 


2" 


Roof flange 


250 



$244.04 

Labor 43 hours ® $5.55/hour 238.65 



$482.69 

Note: 3'' soil used as recommended previously 
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RAINAGE LINES 
SING CAST IRON PIPE 

H.C.I. pipe 



DRAINAGE LINES 



5' A" 

: A" 

1 4" 

4" 

4x2" 

4x11/2" 

4x1 14" 

4" 

1 1/2" 

4" 

05 lbs. 

1 lbs. 

1 1/4" 

S 11/2" 

1 1/4" 

1 1/2" 

2 " 

114 " 

. 1 1/2" 

114" 

' 1 1/2" 

2 " 

2x2x11/2x11/2" 

2 1 14" 

2 114 " 

S 1 1/2" 

1 2 " 

1 2x114" 

1 1 14 " 

1 1 1/2" 

1 2 " 

36' 11/2" 

2 ' 2 " 

5 IV 2 " 

3 11/2" 

1 2x114" 

1 2 " 



14 bends 
DBL T-Y 
T-Y 

Tap tees 
Tap tees 
Tap tees 
C.O. 

BIk. plugs 
Roof flanges 
Lead 
Oakum 

Galv. W.l. pipe 
Galv. W.l. pipe 
Galv. W.l. pipe 
DR. ell 
DR. ell 

Stringer cpig. 
DR. 45* ell 
DR. 45* ell 
DR. tee 
DR. tee 
DR. tee 
Cross 

Slip & caulk 
Galv. nipples 
Galv. nipples 
Galv. nipples 
Bushing 
Galv. plug 
Galv. plug 
Galv. plug 
Galv. sti. pipe 
Galv. stI. pipe 
Galv. ells 
Galv. nipples 
Galv. coupling 
Roof flange 





USING COPPER (DWV) DRAINAGE TUBE 


$110.40 


6' 


114 " 


DWV 


$ 2.98 


5.01 


53' 


11 / 2 " 


DWV 


31.87 


8.27 


11' 


2 " 


DWV 


9.02 


2.00 


88' 


3" 


DWV 


127.66 


6.36 


2 


114 " 


Ells 


.90 


8.48 


2 


2x1%" 


Ells 


2.00 


2.12 


8 


1 1 / 2 " 


Ells 


4.00 


1.57 


1 


3x11/2" 


H-0 ell 


4.10 


.34 


1 


3x2" 


S.O ell 


4.10 


6.00 


1 


3" 


DBL ell 


5.90 


22.05 


1 


1%" 


45* ell 


.40 


4.29 


1 


11 / 2 " 


45* ell 


.40 


2.86 


1 


2 x 11 / 2 x 2 ' 


T-Y 


1.85 


16.77 


1 


2x2x1% 


XII/ 2 " DBL T-Y 


3.30 


3.81 


3 


2" 


T-Y 


5.55 


.51 


1 


3xl%" 


T-Y 


2.50 


1.54 


2 


3x11/2" 


T-Y 


5.00 


1.65 


1 


3x11/2" 


Y 


4.00 


.51 




2x11/2" 


T-Y 


3.30 


2.21 


1 


11 / 2 " 


T-Y 


1.10 


.83 


2 


1 1 / 4 " 


T-Y 


2.70 


2.20 


1 


11 / 2 " 


T-Y 


1.30, 


1.82 


1 


2xl%" 


Coupling 


1.35 


2.70 


2 


1 1 / 2 " 


BR. plugs 


.64 


1.92 


1 


1 1 / 2 " 


Adapter 


.37 


.44 


2 


2" 


BR. plugs 


.80 


1.58 


1 


2" 


- Roof flange 


2.50 


.34 

.46 

.22 

.29 


2 

• 


3" 


Roof flange 

Hangers 

Misc. 


5.50 

2.00 

5.00 

$243.09 


.42 

13.72 

1.04 

5.06 


Labor 30 hours ® 


$5.55/hour 


166.50 

$409.59 



.79 

.96 

2.50 



Labor 43 hours ® $5.55/hour 



$244.04 

238.65 

$482.69 



Note: 3" soil used as recommended previously 



Hot and cold water lines: 

1 . Galvanized steel 

2. Copper 
Saving 

Drainage lines: 

3. Cast iron 

4. Copper 
Saving 

Total saving: 



$138.47 
$127.46 
$ 11.01 

$482.69 
$409.59 
$ 73.10 

$ 84.11=131/2% 
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14 story - 60 apartment co-operative housing unit in 
Phoenix, Arizona used copper for both supply and 
drainage systems. 




20 story Statler Hilton Hotel in Dallas, Texas, used 
copper for both supply and drainage system. 
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In a copper tube system sub assemblies or entire 
plumbing walls can be prefabricated, at the job site 
on jigs set up in the plumbers' shanty, while waiting 
for construction to reach the roughing-in stage and 
in this manner the work is done more easily and faster. 
Prefabrication helps eliminate costly delays to build- 
ing schedules, because it cuts the plumbers' on-the-job 
time in half; it eliminates time lost for not having the 
right material or enough material on the job when it's 
needed. It also reduces the amount of supervision 
required. 

The comparatively light weight of copper tubes and 
fittings permits the economy of prefabricated sub- 
assemblies and complete plumbing walls, which add 
to the savings of labor costs on the job. Lightweight 
assemblies with strong solder joints, which cannot 
work loose in handling, average in weight only about 
one-fourth that of cast iron and steel and are easy 
to erect and support. 

By incorporating prefabrication, the saving in instal- 
Ic ■' costs increases appreciably, approximating 
20'>'' J the roughing cost. With prefabricated plumb- 
ing walls, the "off-the-floor" plumbing fixtures, to be 
discussed next, are most applicable. 

Lightweight copper tubes and fittings permit use of 
time saving prefabrication methods. Example indi- 
cates roughing-in layout for sanitary drainage sys- 
tem of two-story house — two complete baths and 
kitchen sink. Circled areas are areas which can be 
preassembled. The approximate weights of these 
sections, using Type M copper tube, are: 



Sec. 1 91/2 lbs. Sec. 2 13 lbs. 

Sec. 3 9% lbs. Sec. 4 39% lbs. 



When Type DWV copper tube is used the total weight 
will be 1 0 lbs. less. 
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DDer tube system sub assemblies or entire 
3 walls can be prefabricated, at the job site 
let up in the plumbers' shanty, while waiting 
ruction to reach the roughing-in stage and 
bnnerthe work is done more easily and faster, 
cation helps eliminate costly delays to build- 
^ules, because it cuts the plumbers' on-the-job 
iaif; it eliminates time lost for not having the 
'terial or enough material on the job when it's 
^ It also reduces the amount of supervision 



‘^aratively light weight of copper tubes and 
permits the economy of prefabricated sub- 
'^es and complete plumbing walls, which add 
givings of labor costs on the job. Lightweight 
^€s with strong solder joints, which cannot 
pse in handling, average in weight only about 
3h that of cast iron and steel and are easy 
and support. 
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iporating prefabrication, the saving in instal- 
zosts increases appreciably, approximating 
fthe roughing cost. With prefabricated plumb- 
s, the "off-the-floor" plumbing fixtures, to be 
d next, are most applicable. 



jght copper tubes and fittings permit use of 
^ing prefabrication methods. Example indi- 
bughing-in layout for sanitary drainage sys- 
g^o-story house — two complete baths and 
fsink. Circled areas are areas which can be 
(mbled. The approximate weights of these 

S using Type M copper tube, are: 
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9V2 lbs. 



Sec. 2 13 lbs. 



I 9 V 4 lbs. 



Sec. 4 39% lbs. 



"vpe DWV copper tube is used the total weight 
‘Olbs. less. 





PLUMBING 




2. '' ^OFF-THE-FLOOR' PLUMBING'' 

A savings in the initial cost of the plumbing and 
drainage contract would result if all drainage piping 
were kept above and free of the slab. This cost sav- 
ings is brought about in the main for two reasons: 

a) the greater ease for plumbers to install the fixtures 
when ail roughing connections are above the floor, 

b) due to the elimination of all but one sleeve through 
the slab. This method of "off-the-floor" plumbing is 
made possible by the use of two relatively recent 
developments in plumbing fixtures, the end outlet tub, 
and the wall-hung toilet. 

If, in addition to the use of these fixtures, lightweight 
copper is used for the roughing, the savings become 
substantial because the labor saving qualities in- 
herent in "off-the-floor" plumbing work hand in hand 
with the labor saving qualities to be found in light- 
weight copper. 

The end outlet tub, which is basically a standard tub 
with a raised bottom to allow the waste to run above 
the slab, costs exactly the same as the standard tub. 
(Although the fitting now costs $1.50 more than the 
standard fitting, it is expected that this additional 
cost will be eliminated in time.) 

The wall-hung toilet costs approximately $50 more 
than the standard floor mounted toilet. But in arriv- 
ing at this cost differential, it must be noted that items 
eliminated on the wall-hung toilet all involve labor. 
Therefore the gross additional cost of the wall-hung 
toilet, $60, less chrome plated supplies, floor flange, 
bowl wax, lead bend, results in a net additional cost 
of $50. The labor savings accrued by "off-the-floor" 
plumbing are due to two factors: a) The greater ease 
for plumbers to install fixtures to roughing. (Also note 
that in all the parts omitted in "off-the-floor" assembly 
the required labor is considerably more than the cost 
of parts.) Saves $25. b) The elimination of seven of 
the eight sleeves required in standard plumbing 
roughing. The savings involved here is almost en- 
tirely labor and consists of, first the design of the 
sleeves, then the marking and last the placing of each 



sheet metal sleeve. Saves $50. 

Total labor savings gained 

by use of these fixtures $75 

Total additional cost of "off-the-floor" fixtures $50 

Total savings $25 



PLUMBING 











There is an added labor savings in the installation of 
''off-the-floor" fixtures wherein no cutting and fitting 
of tiles is required, plus the added savings of allow- 
ing the plumbing and drainage contractor to hang 
the fixtures either before or after the floor is installed. 



The major savings to be found in the use of "off-the- 
floor" fixtures is in conjunction with the use of copper 
plumbing. The "off-the-floor" fixtures combined with 
a prefabricated plumbing wall allows the plumber to 
install all plumbing in one trip after construction work 
is done. 



ESTIMATED SAVINGS: $100 
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In addition to these savings, the use of this type of 
fixture results in improved livability, by eliminating 
unsightly pipes exposed on bathroom ceiling, and 
annoying noises that come from them. 




3. "LOOP VENTING" 

Methods of venting plumbing fixtures varies through- 
out the country because of the many different plumb- 
ing codes in existence. In a recent national study 
"loop venting" was recommended as a standard for 
the most efficient method of venting fixtures. The New 
York State Construction Code has adopted this stand- 
ard, but Mew York City still requires individual back 
venting of all fixtures. 

Adopting the N« w York State Construction Code Re- 
quirements for venting would result in the following 



savings: 

Eliminate two tees $1 .40 

Change two tees to elbows 0.00 

Eliminate one reducing couple 1.40 

Change 2' 0" of 1 V 2 " pipe to 2" pipe 0.08 

Eliminate 10' 0" of 1 V 2 " pipe 3.72 

Reduce labor time 2 hours 16.00 

Total savings per bath $22.60 



An additional saving will result if the "off-the-floor" 
tub can be obtained in a 4' 0" length. The standard 
tub, now in general use, is 5' 0" long. Most plumbing 
fixture manufacturers produce a 4' 6" long tub for 
today's market. This tub incorporates a straight front 
and a non-slope back and thus achieves a full-size 
bottom surface in the 4' 6" length. The 4' 0" long tub, 
though not in production, has proved successful in 
experimental models. The adoption of this length tub 
for use in Housing Authority buildings would save 
seven square feet of floor space per bath. At approxi- 
mately $10 per square foot, this savings would 
amount to a total of $70 per bath. 





^OOP VENTING" 

2of venting plumbing fixtures varies through- 
iountry because of the many different plumb* 
Bs in existence. In a recent national study 
■writing" was recommended as a standard for 
lefficient method of venting fixtures. The New 
|te Construction Code has adopted this stand* 
j New York City still requires individual back 
(of all fixtures. 

^3 the New York State Construction Code Re- 
|nts for venting would result in the following 
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. two tees $1.40 

1 two tees to elbows 0.00 

. one reducing couple 1 .40 

3 2' 0" of 1 V 2 " pipe to T pipe 0.08 
3:- lO'O'' of l’/ 2 "pipe 3.72 

|labor time 2 hours 16.00 

Savings per bath $22.60 
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Partial plan of six story building sliowing location 
and quantity of radiation. The radiation figures were 
rounded out for convenience, but remain the same 
for the three systems: 




Mr. Benish 
Mr. Bodin 
Mr. Davy 
Mr. Falotico 
Mr. Geelan 
Mr. Goldreyer 
Mr. Hutton 
Mr. Markush 
Mr. Meeker 
Mr. Morgenstern 
Mr. Mornaghine 
Mr. Nucktern 
Mr. Raisler 
Mr. Ranger 
Mr. Rosenthal 
Mr. Webster 



Syska & Hennessy, Inc. 
Bodin & Zinn 
Carlson & Sweatt 
V. L. Falotico & Assoc. 
Grant T, Geelan 
Afgo Engineering Corp. 
Edward E. Ashley 
E. V. Markush 
Meyer, Strong & Jones 
Guy B. Panero, Engineers 
Edward A. Sears 
Joseph R. Loring & Assoc. 
Raisler Corporation 
Jaros, Baum & Bolles 
Lipsky & Rosenthal, Inc. 
Guy B. Panero 
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CONSULTANTS 

— Syska & Hennessy, Inc. 

— Bodin & Zinn 

— Carlson & Sweatt 
V. L. Falotico & Assoc. 
Grant T. Geelan 
Afgo Engineering Corp. 
Edward E. Ashley 
E. V. Markush 
AAeyer, Strong & Jones 
Guy B. Panero, Engineers 
Edward A. Sears 
Joseph R. Loring & Assoc. 
Raisler Corporation 
Jaros, Bourn & Boiles 
Lipsky & Rosenthal, Inc. 
Guy B. Panero 
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The high temperature hot water system was judged 
to be undesirable by 93% of the engineers and con- 
tractors questioned. Only one felt it to be a cheaper 
system than the two«pipe vacuum heating system. 
High temperature hot water was therefore not con- 
sidered for comparative study. Of those experts who 
found the system unacceptable, some felt it was too 
hazardous for housing, but most thought that it found 
no application in housing projects, where extensive 
runs are not necessary, eliminating the chief cost 
savings factor in the system. 



The one-pipe continuous loop steam system, devel- 
oped by the Metropolitan Life Insurance Company 
for its housing projects, is known as the "Metro 
System." Fifty per cent of the heating engineers and 
contractors on the panel found it to be undesirable 
for use on State Housing projects and only two panel- 
ists felt it would be less expensive to install than the 
conventional two-pipe vacuum steam, now in general 
use. This system, therefore, was not considered for 
comparative study. The 50% of the engineers and 
contractors who disapproved of the Metro System 
considered the lack of controls a disadvantage; felt 
that the effect one apartment has upon another was 
undesirable; and generally thought the system gave 
unsatisfactory results. Thirty-eight per cent of the 
experts indicated that the Metro System would save 
in maintenance costs but not in the initial cost of in- 
stallation and 83% of these did not recommend its 
use. Of the two who felt the Metro System would save 
in initial costs, only one recommended its adoption. 
This one engineer felt that the system could be in- 
stalled 10% to 15% cheaper than a two-pipe vacuum 
steam system, that the lack of control constituted no 
problem since window control is generally used re- 
gardless of the system, and that it eliminates van- 
dalism. 
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The one*pipe gravity return steam heating system is 
found in the majorify of the privately financed mul> 
tiple dwellings that have been and are being built 
in the New York City area. These buildings must 
maintain competitive standards with respect to liv* 
ability and benefits given to the tenants. Since low 
initial cost is the prime criteria of these privately built 
structures, the extensive use of the one*pipe gravity 
steam system is indicative of the economies that may 
be achieved by the use of this system. It should be 
noted that the use to which this system has been put 
in private housing has been limited to six stories in 
height. (The height limit for the structural type used 
predominantly in private housing work, where land 
costs do not prescribe a taller building.) Of the 31 % 
of the engineers and contractors who recommend the 
use of this system, all but one limited its height to six 
stories. The one panel member who exceeded this 
limit felt the system was adaptable to a fourteen 
story building. More than half (56%) of the experts 
indicated that this system would save up to 25% (an 
average of 1 9%) over an equivalent two-pipe vacuum 
system, but only 31 % thought this system acceptable 
for use in Housing Authority projects. Most (69%) of 
the panel felt .that one-pipe gravity steam system was 
undesirable because of poor control, poor distribu- 
tion, water hammer in convectors, larger pipe sizes, 
troublesome air valves, higher maintenance due to 
steam pressure on wciter in lines, and higher fuel 
consumption (56% thought inefficient operation would 
eventually eliminate any savings gained in installa- 
tion). Accepting the faults of the one-pipe gravity 
system, and acknowledging its less efficient operation, 
it nevertheless is the system used most frequently in 
private housing, built for a profit motive, where cost 
and maintenance are prime factors. Therefore, since 
most middle-income families live in buildings heated 
by this system, without too much discomfort, its ad- 
verse qualities are evidently not too acute. A detailed 
comparative study into the actual initial savings, over 
an equivalent two-pipe vacuum system seems called 
for and will be made. 
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A one-pipe low temperature hot water system may 
be staged in integrals of approximately six stories for 
use in high rise buildings. 






In considering a low temperature hot water heating 
system it was decided to analyze only the one-pipe 
monoflow hot water system, since it is cheaper than 
a two-pipe system and has the same amenities. Most 
(621/2%) of the heating engineers and contractors 
recommended the use of this system, but 371/2% limit- 
ed its height to between two and six stories. Only 
121/2% felt this system would be cheaper, in initial 
cost, than the two-pipe vacuum system, and 31% felt 
it would be more expensive. The 621/2% of the panel 
who favored the adoption of this system listed many 
advantages: fuel savings, reduction in maintenance, 
no priming of boilers, mains may run dead level pro- 
viding better headroom, radiators may be placed on 
basement floor which cannot be done with steam, 
good distribution, elimination of troublesome air 
valves, elimination of water line difficulties (i.e. pres- 
sure differential, particularly on the larger systems 
with long mains), less noisy, smaller and less unsightly 
piping, gravity emergency heat provided by opening 
flow control valve (fly-wheel effect), and no over- 
heating of living space (as with steam) since the 
amount of heat may be varied with weather condi- 
tions. Those not favoring a low temperature hot water 
system listed among their reasons a higher initial cost, 
larger and varying sized convectors, and the neces- 
sity to conceal all piping to eliminate the danger of 
water damage caused by vandalism. The height limit 
set by 37Vi% of the panel can be easily overcome by 
staging the system into integrals of approximately six 
stories, as is evidenced by the existence of a hot water 
system, 25-years old, in a sixty-seven story building 
in New York City. Considering the advantages to be 
gained by the use of a one-pipe low temperature hot 
water system it might prove fruitful to investigate the 
claim of 12Vi% of the panel members who feel this 
system can be installed up to 20% cheaper than an 
equivalent two-pipe vacuum steam system. 
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DIAGRAMATIC PLAN — RISERS AND MAINS 
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DIAGRAMATIC PLAN — RISERS AND MAINS 
ONE PIPE GRAVITY STEAM HEATING SYSTEM 



Diagramatic half plans of mains and risers for three 
heating systems. All risers for the 20 sq. ft. radiators 
and the 50 sq. ft. radiators respectively to be the 
same as shown on plans above. All risers for groups 
of 20 sq. ft. and 50 sq. ft. radiators respectively also 
to be the same as shown on plans. On die next page 
are diagramatic sections of the three plans illustrated 
above. 
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TWO NK VACUUM STIAM HEATIN6 SYSTEM 



ONE PIPE GRAVITY STEAM HEATING SYSTEM! 



t 

> 



V 



i- 

1 



ERIC 















I 












'4 



It- 

k 






f 

h 

i 

4: 

i^' 

T 



1. 


AIR VCN1 

AIR VEHT k \ , 

VACKCO VAiVe (HI 


r 


> 

1. 


l'4 f 


!■ Hil^ 


SUPPUY 

PITTINO 




i 

1 


I'e' r 


9 § i 

>i i ^ _ l *c 




t 


t s 


ft* I'i 


i 1 

2g^M II 

t*si s? 


' 


X 

8 

:imli 


r 8 

■1 


2‘ )»4‘ 


g 0 

M in 

f" - - "*1 




s 


f in 

1 iC 


2* llT 


umi 


!•; i'4' 

, 


1 

::« 


i 




-r 52'^iL^vI!’^® 9\S 

P Q P not VALVES 0 


2* 2'2" 






rs* 







r 

iioium 



s 

i 






4' 






VENT 



£1^ CONI^TUMP 

-^%Vr/ 



TltWEMO- 

NTATje 

THA^ 




>eSMT. 



f- 



I, 

^'l 



3 



HAMA1IC SECnON 



*««v 

%' 

% 

I, 

i' 

■V 

'T< 

•> 

& 



PIPE GRAVITY STEAM HEATING SYSTEM 
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ONE PIPE HOT WATER HEATING SYSTEM 
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1 TWO PIPE VACUUM STEAM SYSTEM: 





tISBRS R MAINS 


(1/a BUILDING) 


1 


Pipe aO' ^ 


5" 


$ 72.00 


y<- 


40' 


4" 


62.80 


A 


60' 


3%" 


99.80 


i- 

jP* 

V? 


30' 


2H" 


30.00 


f' 

% 


110' 


2" 


84.00 


X 


130' 


2" 


63.79 




175' 


IH" 


63.83 




570' 


114" 


175.50 


k- 


420' 


1" 


98.02 




770' 


3^" 


128.07 




340' 




35.49 
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Elbows 1 
1 

12 

45 
2 
31 

46 
15 



5" 

5x4" 



& 



Tees 
2 
1 

3 
1 

4 
1 
2 
1 
1 

11 

4 

6 
20 
6 
20 
30 
18 

5 
57 
19 
19 
1 

114 
114 

% Building 

Total Building 



3%" 

3" 

2 %" 

2 " 

1!4" 

1 " 



$ 2.25 
1.69 
13.44 
28.80 
0.62 
6.82 
8.28 
0.30 



} 



$36.00 
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4x3%" J 


p 


19.08 


3Vi" 1 

31^x3" J 
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18.45 


3" 1 
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7.17 


21^x2" 




1.58 


2" 1 
2xl%" j 
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13.18 


IVi" 1 

mxl14" j 
114" 1 


^ 


17.42 


114x1" 


p . . 


29.12 


114x114" 

1" 


p 


6.67 


l"x%" 

%" 1 
%x16" J 


\ 


16.72 


14" 




3.42 


F & T trap 




$ 17.25 


Packless valves 


524.40 


Packleu traps 


627.00 



2312.96 

$4625.92 



1 10330 EDR boiler 




$2671.00 


1 oil burner 




4300.00 


1 vacuum pump 




1115.00 


1 low water cut off and feed valve 


63.39 


2 2!^" gate valves 




49.80 


2 2" gate valves 




30.68 


3 1" gate valves 




18.96 


1 swing check 




21.64 


1 air eliminator 




17.00 


Pipe 
58' 8" 




$246.30 


8' 4" 




15.00 


10' 214" 




7.60 


4' 2" 




2.50 


30' 1" 




7.00 


Elbows 
2 8" 




$ 58.42 


1 8x4" 




36.29 


4 214" 




4.48 


4 114" 




2.08 


4 1" 




0.88 


Tees 

1 8" \ 

1 8x5"J 




.... $ 49.99 


1 5" 




13.72 


1 4x214" 




9.54 


1 4x4x1" 




1.42 


1 214x214x1" 
4 1" 




1.16 


Boiler room total: 




$8743.85 


MATERIAL 

Mains and risers 




$4625.92 


Boiler room 




8743.85 


Convectors 




5600.00 


Covering 




1200.00 


LABOR 

Mains and risers 


20 days 




38 supply risers 


13 




38 returns 


10 




114 convectors 


12 




Boiler room 


15 

70 days 


-$5600.00 


Total 
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, STEAM SYSTEM: 



f » 

’oiler room 



10330 EDR boiler 




$2671.00 


"^1 oil burner 




4300.00 


|1 vacuum pump 




1115.00 


f1 low water cut off ond feed valve 


63.39 


|2 21^" gate valves 




49.80 


|2 T gate valves 




30.68 


|3 1" gate valves 




18.96 


|1 swing check 




21.64 


1 1 air eliminator 




17.00 


I Pipe 


i 58^ 8" 




$246.30 


S 8^4" 




15.00 


1 10- 2!4" 




7.60 


1 4^2" 




2.50 


|3cy 1" 

t Elbows 




7.00 


1 2 8" 




$ 58.42 


1 1 8x4^ 




36.29 


1 4 2W 




4.48 


1 4 iVb" 




2.08 


1 4 1" 




0.88 


{ 

1 Tees 


1 1 8« \ 

4 ; 1 8x5"J‘ 




.... $ 49.99 


1 1 5" 




13.72 


1 1 4x2%" 




9.54 


1 1 4x4x1" 




1.42 


1 1 2Vix2%xl" 
f 4 1" 




1.16 


i Boiler room total: 




$8743.85 


1 MATERIAL 


1 Mains and risers 




$4625.92 


1 Boiler room 




8743.85 


1 Convectors 




5600.00 


1 Covering 




1200.00 


1 lABOR 


1 Mains and risers 


20 days 




1 38 supply risers 


13 




1 38 returns 


10 




114 convectors 


12 




s Boiler room 


15 




f' 


70 days 


• $5«00.00 


Total 

V' 

2 . 


$25,769J7 






2 ONE PIPE GRAVIT 

RISERS A MAINS {Vk BUILDING) 



Pipe 




$ 96.32 


40' 


5" 


35' 


4" 


55.19 


50' 


316" 


66.55 


50' 


3" 


50.05 


60' 


2%" 


45.90 


300' 


2" 


117.27 


400' 


1%" 


146.68 


380' 


114" 


117.08 


320' 


1" 


74.69 


570' 


%" 


93.25 


Elbows 

3 


4" 


$ 9.24 


8 


3" 


13.52 


4 


3x216" 


7.68 


38 


2" 


26.60 


15 


2xl%" 


10.50 


6 


114" 


1.68 


15 


1" 


3.30 


342 


%" 


61.56 


Tees 






1 

2 


4x2" 1 

4x2x316" j 


K $14.31 


1 


3%x3" 1 


1 


3 


316x2" 


^ 22.14 


2 


316x3x3" J 


1 


1 


3x3x216" 1 


I* 4.78 


1 


3x2x216" J 


2 


2%x2" 1 


1 


2 


216x2x2" 


[ 12.64 


4 


216x%x2" J 


1 


4 


2x2" 




4 


2x34x2" 


12.09 


4 


2x%xll6" 




1 


2x114x114" ^ 




19 


116x14" 


[ 25.46 


19 


116x14x114". 


15 


1V4x14" 


1 15.60 


15 


114x14x1" . 


15 


1x14" 


4.35 


1 


l"F«iTtrap 


$ 17.25 


114 


Rad. valves 


399.08 


114 


Air vents 


123.22 


16 Building 


1647.98 


Total Building 


$3395.96 
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SYSTEM: 
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BOILER ROOM 






RISERS & MAINS (16 BUILDING) 
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1 10330 EDR boiler 




$2671.00 


Pipe 












1 oil burner 




4300.00 


80' 


4" 




$126.15 


1 

A 


I 


1 cond. pump 8000 




' 300.00 


200' 


216" 




143.00 




S' 

V 


1 low water cut off and feed valve 


63.39 


200' 


2" 




98.18 


c. 


'■» 


2 216" gate valves 




49.80 


50' 


116" 




18.38 


\ 

f 




2 2" gate valves 




30.68 


540' 


114" 




166.37 


¥ 
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3 1" gate valves 




18.96 


600' 


1" 




140.04 


> 


> 

1 


1 swing check 




21.64 


700' 


!6" 




77.00 




ai. 

« 
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1 air eliminator 




17.00 


Elbows 








/ 

6 




Pipe 






5 


216" 




5.60 




^- 


12^ 8" 




41.00 


4 


2" 




2.56 






4' 5" 




12.00 


40 


114" 




12.40 






8' 4" 




15.00 


44 


1" 




9.68 


} 
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10' 216" 




7.60 
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1 8" 
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216x1x2" , 
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1 8x4" 




36.29 
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4.48 
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5.16 
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114x16" J 


h 






£ 


1 4x216" 
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1 "2!6x2%xl" 




1.42 


60 


1 X 16" 




17.40 


4 

X 
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1 4x4x1" 




4.77 


Supply monoflow fittings 114 


195.82 






4 1" 




1.16 


Rad. valves 114 




336.30 




iffy 

jJ'-' 

1 


Boiler room total 




$7710.83 


16 Building 
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MATERIAL 






Total Building 




$2993.32 
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Mains and risers 




$3295.96 










K 

s. 




Boiler room 




7710.83 
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Convectors 




5600.00 












V 


Covering 




700.00 










A 


S' 


LABOR 














1 


£ 


Mains 


11 days 
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•i 

'i* 

fi 
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38 risers 


13 














i 

* 

v» 

ai 


114 conv. 


8 
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A' 


Boiler room 


10 












1 

K' 






42 days 


. 3360.00 
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Total $20,666.79 

lets than the two pipe vacuum steam system 
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ONE PIPE HOT WATER SYSTEM: 



M MAINS (14 lUILDING) 





$126.15 


214" 


143.00 


1 


98.18 


T1!4" 


18.38 


•m" 


166.37 




140.04 


F 

% 


77.00 


If 


5.60 


if 


2.56 


1'’^" 


12.40 




9.68 


-/!/ 


100.80 


I 

a!4x1!4“ 1 

',2X1" 

‘214x1x2" J 
1x114" 1 


11.36 

1 


^2x1" 

12x114x114" J 


k 5.16 


§114x114x1". 


1.34 


Til4x1x1" ' 

*114x14" . 


1" 29.12 


llxli" 


1740 



Amonoflow fittings 
llvM 1 14 

;*»9 

■uiMiim 



114 



195.82 

336.30 

1496.66 

$2993.32 
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BOILER ROOM 

1 10330 EDR boiler 

1 oil burner 

2 booster pumps 

4 100 gol. ASME valves 
2 gate valves 

4 tank fittings 
4 21^" flow control valves 
7 216" gate valves 
1 ASME relief valve 

1 pressure reducing valve 

2 4" plugs 

1 1 plug 

2 216" cops 
Pipe 

1(7 4" 

214" 

2 " 

IVa" 

114" 



2(7 

1(7 

1(7 

1(7 

Elbows 

3 

4 
1 
1 

5 

Tees 
1 

4 
4 

6 



4" 

21/2« 

114" 

114" 

%" 

4x4x114" 
4x214" 
214x214" 
114x3A" 



Boiler room total 

MATERIAL 

Mains and risers 

9 

Boiler room 

Convectors 

Covering 

LABOR 

Mains 
38 risers 
1 1 4 conv. 

Boiler room 



$2671.00 

4300.00 

731.80 

490.88 

10.64 

33.00 

48.00 
174.30 

39.00 
8.81 

1.76 
0.11 
1.58 

15.77 

15.30 

4.91 

3.67 

3.08 

9.24 

4.48 

.52 

.31 

.90 

4.77 

19.08 

5.68 
‘4 19 

$8601^71 



$2993.32 

8601.71 

6160.00 

500.00 



10 days 
10 
12 

_8 

40 days - 3200.00 
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Total $2M55.03 

161496 less than the two pipe vacuum steam system 
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Any new design which is at least as good as that now 
us^ and costs le^, has been recommended. In many 
cases this policy has resulted in the recommendation 
of several different designs, which should be con- 
sidered as alternates. It has neither been thought 
necessary nor even advisable to select the one best 
design from among these alternative recommenda- 
tions. However, in some cases, some of the less im- 
portant of the recommended designs have been 
omitted from the following list, in the interests of 
brevity. 



Recommendations are divided into immediate and 
future. In the latter category are placed all recom- 
mendations which involve changes in the building 
code or other laws, or in union regulations, or which 
require the approval of the Boord of Standards and 
Appeals. 



As previously noted, cost savings are more readily 
provable in construction than they are in planning. 
Thus, the most significant among the following recom- 
mendations are those pertaining to construction. Un- 
fortunately, it was not possible within the limits of the 
present study to carry the planning proposals to the 
stage where accurate cost savings could be estab- 
lished, as was done for the construction proposals. 












I Plan Studies - Immediate 

^ Use regular column spacing, which saves money with 

I any type of construction. In order to make this possi- 

ble, the present rigid requirements for room sizes 
I should be somewhat relax^ so that the architect can 

have some flexibility in planning, and columns should 
I be permitted to project a few inches into the room 

I provided that they do not seriously interfere with the 

I furniture arrangement. &timated saving 2-3% of 

total construction cost. 

% 

I Use skip-stop elevators, with one elevator stop at 

I every third floor. This would save two-thirds of the 

f present cost of elevator doors, frames, signals and 

I switches, and yet no tenant would have to walk more 

I' than one floor. Estimated saving $150 per door 

i omitted or about $8 per dwelling unit. 

t 

C* 

I Use the exterior-corridor scheme, combined with skip- 

I stop elevators. Public corridors thus occur only every 

I third floor, all apartments hove through-ventilation, 

I and no mechanical ventilation is required. Estimated 

I saving 1 % of total construction cost. 

f 

I Eliminate basements; put tenant storage, laundry, and 

i other functions now located in the basement, on the 

I ground floor. This would save a considerable amount 

I of excavation and foundation work which is more 

costly than above-ground construction. On some of 
f the buildings in each project it is recommended that 

I the savings from the elimination of the basement be 

I devoted to improved livability, by leaving the re- 

I mainder of the ground floor open. This would form 

I useful covered recreation space and, by permitting 

i. view through building at ground level, would mitigate 

I the "walled-in" feeling often experienced in projects 

I of high-rise buildings. 

I' 

.V 

1} Consider the use of the living room for sleeping in at 

I least some portion (perhaps 25%) of the total number 

of dwelling units. No one claims that this is the most 
desirable living arrangement but since many middle- 
I income families hove to live this way, it does not seem 



unreasonable that tenants of publicly supported 
housing should too. The living room intended for 
sleeping should be enlarged and provided with an 
extra closet and space for a dresser. The resulting 
savings are substantial — in the order of $1000 per 
dwelling unit; if done for all dwelling units, the saving 
would be about 8% of the total construction cost. 
Design for complete distribution of apartment types 
in a single building. This simplifies site planning and 
makes possible small one-building projects. 



Plan Studies - Future 



Use 7'-6" ceiling height instead of 8'-0". This would 
gain an entire story in 15 stories, without reducing 
livability in any respect. It is believed that the lower 
ceiling would result in more pleasing room propor- 
tions and would make the small rooms and windows 
appear to be larger than they do now. Building Code 
and Multiple Dwelling Law would have to be revised 
to permit ceiling lower than 8'-0". Estimated saving 
2-3% of total construction cost. 



Structure - Immediate 



Use six-story non-fireproof construction wherever con- 
ditions permit, such as where land values are low, or 
in combination with high-rise buildings. In the latter 
case, improvement in scale and better transition to 
neighboring building heights would result. The wide 
use of this type of construction for private middle- 
income housing is evidence of its economy and prac- 
ticality. The admitted deficiencies can be largely 
eliminated or at least ameliorated by proper design. 
Estimated saving 10% of total construction cost. 

Use light-steel framing with regular column spacing 
to the maximum height now permitted by code, which 
is 100 feet or about 11 stories. Since there is no 
apparent justification for this height limitation, efforts 
should be made to have the code changed to permit 
this type of construction to be used on buildings of 
any height. Estimated saving may be as much as 
2-3% of total construction cost. 
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Use lift'slab construction. Plans for New York's first 
lift-slab building have recently been approved by the 
Building Department. However, this construction has 
been extensively used in New Jersey and Connecticut 
end many other places throughout the country and 
also in Canada and Mexico. To secure the maximum 
economy inherent in the system buildings must be 
designed from the outset for lift-slab construction. The 
most advantageous design for public housing consists 
of regular column spacing, the use of only two columns 
across the narrow dimension of the building instead 
of the usual four, and cantilevered floor slabs of light- 
aggregate concrete. Based on this design and a 
height of 14 to 18 stories (8'-1" floor-to-floor), the 
estimated saving would be 4-6% per square foot 
cost of Boor slab in place, including the structural 
frame. 

Structure - Future 

Consider the use of precast concrete box-frame con- 
struction. This system of construction consists of cast- 
ing structural wall and floor slabs on the ground and 
erecting them by crane; there are no columns or 
beams. Although there has not yet been sufficient 
experience with this type of construction in this coun: 
try to establish accurate costs, there is strong evidence 
that it will prove to be very economical. In order to 
secure the maximum benefit from this type of con- 
struction, the Building Code should be revised. 

Exterior • Immediate 

insulate the present wall construction with the right 
combination of insulating and back-up materials to 
arrive at a wall which costs less to install and will save 
a substantial proportion of the heating cost through- 
out the life of the building. For example, a cavity 
wall consisting of 4 inch brick exterior and 3 inch 
Insulrock interior plastered directly, and with the cav- 
ity filled with expanded polystyrene rigid foam in- 
sulotion costs 2 cents per square foot less than the 
present exterior wall in place ($2.61 vs. $2.63) and 
represents a saving of 17 cents per square foot of 
net exterior wall in reduced cost of the heating in- 






stallation due to reduced heat losses ($.13 vs. $.30); 
the net cost of the insulated wall is thus 19 cents per | 
square foot less than that of the present wall ($2.74 
vs. $2.93), and it will save 88 cents per square foot | 
of net exterior wall in fuel costs over the fifty-year I 
life assumed for the building ($.72 vs. $1.60). This » 
recommendation covers the insulation of the net (solid) | 

wall which constitutes approximately 75% of the | 
gross exterior wall on most public housing projects. I 

4 

> I 

Considering the benefits of wall insulation spread \ 
over the gross exterior wall we find that the entire 
wall (net wall: as per the above paragraph; window f' 
wall: DSB glass in standard D. H. aluminum frames) 
costs 2 cents per square foot less than the present | 
exterior wall in place ($2.59 vs. $2.61) and repre- I 
sents a saving of 12 cents per square foot of gross 
exterior wall in reduced cost of the heating plant ^ 
installation due to reduced heat losses ($.85 vs. $.97); ? 

the net cost of the insulated wall is thus 14 cents per 
square foot less than that of the present exterior wall | 
($3.44 vs. $3.58), and it will continue to save 45 cents I 
per square foot of gross exterior wall in fuel costs 
over the fifty-year life assumed for the building i 
($4.55 vs. $5.00). 

if 

- 

Exterior - Future 

-X 

Use precast concrete sandwich panels. These wall- f 
size panels with windows cast in place have been 
used for many buildings during the last ten years. | 
However, they have not as yet been used in New I 
York City, and therefore the approval of the Board 
of Standards and Appeals would have to be obtained. 

This type of construction can easily meet the required | 
two-hour fire rating. This , type of panel with a 
broomed exterior finish resembling limestone and a 
smooth trowelled interior finish which needs only lo 
be painted, can be erected for the same cost as the 
present wall (including cost of heating installation per 
square foot of net exterior wall in place), but it saves 
61% of the wall thickness and will save 70 cents per 
square foot of net wall area in heating cost over a 
fi%-year period. 
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Develop a low*cost insulated metal curtain wall panel. 
Such a panel could be light in weight, thus reducing 
the dead load on the frame and foundations; only a 
few inches thick, thus reducing the overall cubage of 
the building; well insulated with expanded polysty* 
rene rigid foam, thus reducing the cost of the original 
heating installation and the cost of fuel for the entire 
life of the building; large in size, thus permitting the 
placing of a large area of wall at one time. Metal 
curtain wall panels can also be developed to meet the 
present code requirement of two-hour fire resistance, 
and two examples of this type of construction hove 
been included in the analysis. But if foe two-hour 
requirement were to be reduced, os it now is in many 
other cities, still greater economies could be obtained 
from this type of construction. 



Interior - Immediate 



For partitions within apartments use plaster on gyp- 
sum lath (2" thick) or three-ply laminated gypsum 
board (1 W thick) with taped joints. Other possibili- 
ties are exposed concrete blocfo(3") or four-ply lami- 
nated gypsum board (2"). Estimated savings, 10- 
25% of present cost of partitions. 

For partitions between apartments use 6" exposed 
concrete block or four-ply laminated gypsum board. 
Estimated savings, 10-20% of present cost. 

For partitions between apartments and public corri- 
dors and between stairs and elevators and public 
corridors, use exposed concrete block, cement-foced 
concrete block, or concrete block with sproyed-on 
enamel finish. Estimated savings, 40-60% of present 
cost. 

For finish flooring in public corridors use vinyl-asbestos 
tile instead of asphalt tile. The higher first cost will 
be amortized in five years by the saving in main- 
tenance. 

For finish flooring in building lobbies use vinyl tile 
instead of quarry tile. Estimated saving, 65% of 
present cost. 

For ceiling finish, call for alternate bids on foe follow- 
ing: (a) grinding concrete smoofo, (b) applying 
foincote plaster, (c) applying stipple-textured mason- 
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ry point. Costs of these three methods ore approxi- 
mately equal: Alternate bidding will take advantage 
of any local or temporary variance. 

For bathroom walls around foe tub, instead of ceramic 
tile, use cement-faced concrete block or sprayed 
enamel on concrete block or on piaster. Estimated 
savings, 40-60% of present cost. 

For bathroom floors use asphalt tile instead of cer- 
amic tile. Estimated saving, 90% of present cost. 



Mechanical - Immediate 

Use above-floor bath tub and toilet. Higher cost of 
these fixtures is offset by savings resulting from not 
having to cut through the floor construction and by 
the improved appearance and privacy resulting from 
no soil pipes exposed on bathroom ceilings. Estimated 
saving, $25.00 per bathroom. 

Use 4'-6" bath tub instead of 5'-0^^ This permits re- 
ducing the width of the bathroom by 6" with no re- 
duction in livability. Estimated saving, $35.00 per 
bathroom. 

Use one-pipe mono-flow hot water heating system 
instead of the two-pipe vacuum steam system now 
used. Estimated saving, 16% of present heating sys- 
tem cost. 



Mechanical - Future 



Use copper tubing with soldered joints for both sup- 
plies and waste and vent piping. This is now pro- 
hibited by the city code, although permitted by the 
state code. Estimated saving, 10% of roughing cost. 

Use loop-venting instead of individual fixture venting. 
This is now prohibited by foe city code, although per- 
mitted by the state code. Estimated saving, $22.00 
per bathroom. 

Use prefabricated plumbing roughing. This is a ques- 
tion of obtaining approval of foe local plumbers 
union. It has been done in a number of other cities. 
Estimated savings, 10% of roughing cost. 



Building Cost Indexes 

Unless otherwise noted, all prices quoted in this report 
are given as of Spring-Summer 1958 for the New 
York City Area. The following Building Cost Indexes 
are given to enable the reader to set up cost compari- 
sons between any of 24 areas or localities, or between 
periods of time from June 1957 to June 1959. The 
Cost Indexes for 24 localities for midyear 1 957, 1 958 
and 1959 are published with the permission of E. H. 
Boeckh and Associates, Washington, D.C. 

Cost comparison (with the use of these indexes) are 
possible between areas, or periods of time within the 
same area, by dividing the difference between the 
two index numbers by one of them: 
index for area A =329.8 
index for area B =304.0 
(for Brick and Concrete Construction) 
Then: costs in area A are approximately 816 per cent 
higher than in B. 

329.8-304.0 
304.0 
= 0.0855 

And: costs in area B are approximately 8 per cent 
lower than in A. 

329.8- 304.0 

329.8 ^ 

= 0.0789\ 

Again, cost comparisons are possible between two 
periods of time within the same area, by dividing the 
difference between the two index numbers by one 
of them: 

index for June 1957= 329.8 
index for June 1 958 =242.9 
(for New York City Area) 

Then: costs for June 1957 are approximately 36 per 
cent higher than for June 1958. 

329.8- 242.9. 

242.9 
= 0.358 

And: costs for June 1958 are approximately 26 per 
cent lower than for June 1 957. 

329.8- 242.9 
= 0.263 



Building Cost Indox^ 
June I, 1957, 195S| 

% 

City and Area 

Atlanta Area | 

Boston Area 

Buffalo Area | 

Chicago Area 

t*' 

Cincinnati Area | 

Cleveland Area | 

Dallas Area | 

Denver Area I 

% 

Detroit Area | 

Houston, Texas Area | 
Indianapolis Area f 

Kansas City Area f 

> 

Los Angeles Area f 
Miami-Miami Beach 
Minneapolis & St. PauP 
New Orieans Area i 

New York City Area i 

Philadelphia Area | 
Phoenix, Ariz. Area | 
Pittsburgh Area | 
St. Louis Area | 

Salt Lake City, Utah J 
San Francisco Area I 
Seattle Area | 

Washington, D.C. A. : ’ 



Notional Average 



4 






•2 



}> 

A’ 

i!r 

I 



4 



Building Cost Indexes 
June 1, 1957, 1958, 1959 

City and Area 



Construction Type 

Apartment Buildings 

Brick and Concrete Construction 



June 

1957 



June 

1958 



June 

1959 



r 

y 


Atlanta Area 


246.1 


251.8 


263.9 




Boston Area 


301.3 


303.7 


313.9 




Buffalo Area 


299.1 


309.0 


320.5 


O' 


Chicago Area 


304.0 


304.9 


322.6 


1 


Cincinnati Area 


293.8 


298.7 


307.7 


1 


Cleveland Area 


314.0 


317.2 


327.7 




Dallas Area 


262.7 


263.6 


272.8 


■< 

¥ 


Denver Area 


286.1 


287.3 


296.0 




Detroit Area 


305.3 


311.7 


329.7 


i 


Houston, Texas Area 


265.0 


263.6 


275.8 


tr 


Indianapolis Area 


280.2 


286.3 


293.4 




Kansas City Area 


281.2 


285.9 


295.1 


i 


Los Angeles Area 


290.6 


304.2 


317.9 




Miatni'Miami Beach Area 


262.9 


270.3 


281.0 


■o 


Minneapolis & St. Paul Area 


293.3 


299.0 


310.9 




New Orleans Area 


254.4 


257.5 


267.0 


j?«f- 


New York City Area 


329.8 


242.9 


369.8 




Philadelphia Area 


293.3 


299.6 


321.2 




Phoenix, Ariz. Area 


284.1 


289.3 


304.3 


f 


Pittsburgh Area 


293.0 


306.9 


322.9 




St. Louis Area 


295.9 


306.2 


316.3 




Salt Lake Gty, Utah Areo 


272.0 


275.4 


284.2 


•V 

> 


San Francisco Area 


303.5 


312.9 


320.8 


. i 


Seattle Area 


297.0 


306.3 


318.6 




Washington, D.C. Area 


288.3 


294.4 


305.7 


— i 

VS 


National Average 


288.3 


294.7 


307.6 






o 

FRIC 




